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The heavy l i f t  a i r s h i p  simulation c o a r i r t r  of three  computer pro- 

grams. The vehicle  is d e l e d  ae a buoyant envelope (hu l l )  with l i f t  

propulsion u n i t s  (LPUs) at tachcJ.  The LPUe each coarirt of one r o t o r  

f o r  upward l i f t ,  one propel le r  f o r  forward propulrion, and a fuaelage 

(nacel le) .  The model a l s o  include8 landing gears, an a t tachable  rlung- 

payload, and a mooring point. The c h a r a c t e r i s t i c r  of a l l  m d a l  elements 

a r e  user  defined. 

Tht three program8 a r e  : 

BtASIH - Models the  powered vehicle  i n  f l i g h t .  

HLGMOR -- Models the  moored unpowered vehicle  con- 
s t r a ined  t o  a mast at the mooring point. 

HLAPAY -- This program is the l a r g e s t  of the three. 
It models the  vehicle  i n  f l i g h t  carrying a 
slung payload. 

This simulation was divided i n t o  separa te  programs because: 

1) This allows modular development end t e s t i n g  of 
t he  program during development and f u t s r e  a l t e r a -  
t ions. 

2)  l,.,rge parts of the main prograce *rere unnecessary 
f o r  program HLAMOR becauze it is unpwered, and 
has only three degrites of freedom. The trim f o r  
HLAMOR is consequently completely d i f f e r en t .  

3 )  The payload was developed and tes ted  as a eepar- 
a t e  prograiii. H W A Y  executes the payload program 
i n  addi t ion  t o  program, USIM.  Having a vehicle  
only program (BLASIH) f r e e s  the  user  from haviag 
t o  prepare payload input f i l e s  unless the vehicle  
with payload is t o  be modeled. 

A l l  programs have the same basic  algorithm and large parts of the 

programs use the same code. They a l s o  share the same da t r  f i l e s  when- 

ever possible . 



The basic  program algorithm is: 

1) Read and i n i t i a l i z e  data.  

2) Calculate  the t r i m  conditions.  

3) Output the r e s u l t s  of the  t r i m  calculat ions.  

4)  Calculate  and output the  s t a b i l i t y  der iva t ives  i f  
requested. 

5) Repeat 1-5 f o r  add i t i ona l  t r i m  conditions i f  
requested. 

6)  Read and i n i t i a l i z e  the time h i s to ry  data. 

7) Write the  output da t a  a t  time 0.0. 

8) In t eg ra t e  the vehicle  s t a t e s  forward i n  t i m e ,  
implementing appropriate  con t ro l  commands and 
gust disturbances.  

9) Write program output data  a t  the user requested 
p r i n t  in te rva ls .  

10) Repeat 8 and 9 u n t i l  the  end of the time history.  

An overview of the various manuals associated with t h i s  s imulat ion 

is i n  order before continuing with de t a i l ed  discussion of the program. 

I n  addi t ion  t o  t h i s  User's Manual, there is a Programmer's Manual and a 

Technical Manual. 

This User's Manual is designed t o  provide the user with the basic  

information necessery t o  run the  program as it has been designed. This 

manual does not discuss  any of the i n t e r n a l  workings of the  code o r  the 

technica l  c letai ls  of the equations sad t h e i r  der ivat ions.  This manual 

descr ibes  the various data  f i l e s  necessary f o r  the program arid explains  

the output from the program and the various options ava i l ab l e  t o  the  

user  when executing the program. The discussion of the data  f i l e s  is 

l imited to: 

1) The type of data  contained i n  each f i l e .  

2)  The inputs necessary t o  c r e a t e  spec i a l  configura- 
t ions .  



3) Input8 whose na ture  i r  rpec i a l i r ed  or not obvl- 
OUB v 

4) Mdi t ior ra l  data f i l e  information ir containad in: 

Appendix A - t abula tes  a l l  input v a r i o b l e ~ .  
It i n d i t s t t s  which values are va l id  f o r  t.he 
various var iab les  and o ther  rpec i a l  conaidara- 
t i ons  which the variabiee ary have. 

Appendices B and C - contain sample sets of 
input  f i l e s  and the output r e s u l t l a g  from 
those input f i l e s .  

Ihe Programmer's Hanual is designed f o r  the aainteaance p r o a r w r  

who w i l l  -k supporting t h i s  program. It explains  the log ic  of the vari-  

ous program amjduiea, and i n  sow cases gives a de t a i l ed  explanation of 

the reasona f ~ f  various implementations. The top ics  discusoed i n  t he  

L'ser'a Manual w i l l  not be repeated i n  ',he Programer's Manual. Come- 

quently,  the maintenance programmer v i l l  have t o  consul t  both of these 

manuals when working w i t h  thr grsgras. TTie Prograauaer's '&iiiiiiiI ccz:=izs 

severa l  appendices, including a dictiona-ry of program var iab les ,  a list 

of a l l  subroutines and t h e i r  purposes, a subroutine/common b1ock;crosa 

reference l i s t i n g ,  and a ca l l i ng /ca l l ed  subroutine c ross  reference 

'1s t i n g e  

The Technical Mama1 contains  a de t a i l ed  discussion of a l l  eimula- 

t i on  models, including der iva t ions  of a l l  the equations, and methodology 

f o r  calcul.ating the required program input  data. The user dil have t o  

consult  tiils sanual  f o r  a l l  technical  information he requi res  i;; sener- 

a t i n g  the input data  f i l e s  o r  i n  understanding the output. 

The heavy-lift  a i r s h i p  e l l ~ u l a t i o n  programs a r e  r a t h e r  complex, 

containing many user cont ro l led  optloas.  Therefore, i t  is recormended 

t h a t  any configurat ion t o  be simulated should f i r s t  be analyzed using 

program HLASIM. By using t h i s  program, the  user  can def.-ne geometry and 

mass cha rac t e r i s t i c s  and make t e s t  runs t o  m i l d a t e  h i s  input  f i l e s .  

The biggest problem confronting a 5ew user  w i l l  be the generat ion of 



da ta  f i l e r  which accura te ly  represent  the vehicle  he wirhes t o  mde l .  

Several rum rhould be made t o  check the output f o r  rearonable r e r u l t s .  

Maintaining da ta  f i l e r  can be a r i g n i f i c a n t  problem. To usist i n  

overcoming t h i s  bookkeeping task, input rout ines  were derigned t o  allow 

the same da ta  f i l e s  to  be used by the three  d i f f e r e n t  program. For 

example, the  mooring program (HIAHOR), which doee not use the f l i g h t  

cont ro l  system inputs ,  w i l l  s t i l l  read the same data f i l e  (HISDTA) as 

program HLASIU. HLAMOR passes over the unwanted data. In  t h i s  way, t he  

user  can analyze the f l i g h t  condi t ions and the aoored condit ions of the 

s a w  vehicle,  confident that the configurat ion input  da t a  was exac t ly  

the  same f o r  both programs. 

It is recommended t h a t  the  user  c r ea t e  a basic  s e t  of input f i l e s .  

Then, make coples of those f i l e s  and a l t e r  the data  appropriate  t o  the  

program run wanted. These a l t e r a t i o n s  can be noted i n  the comment l i n e s  

of the  i n t e r a c t i v e  quest ions da ta  f i l e ,  and l a t e r  the run can be e a s i l y  

i d e n t i f i e d  by knowing t h a t  the  basic  data  with the noted changes was 

used. This method of c o ~ y i n g  f i l e s  insures  t ha t  a l l  r u m  s t a r t  with the  

same basic  data.  I f  the  user  a l t e r s  the has ic  da ta  f i l e  he runs the 

r i s k  of f a i l i n g  t o  r e tu rn  the  da t a  t o  its o r i g i n a l  form and thereby 

inva l ida t ing  fu tu re  runs. 

The following sec t ion  descr ibes  the minimum data  f i l e s  necessary t o  

execute program HLASIM. This w i l l  allow a new user t o  run the program 

with minimal i n i t i a l  e f f o r t .  Additional data  f i l e s  required f o r  epec ia l  

options, can be added a s  they a r e  needed. 

The following e ight  data  f i l e s  a r e  required t o  execute the program 
* 

with a minimum of options. 

The f i r s t  two f i l e s  def ine the desired pr inted output var igbles  and 

the bas ic  program user  options: 

* 
In  order t o  execute the program with t h i s  ldnimum data  r e t ,  the 

user  must en t e r  "False" t o  the in t e rac t ive  quest ion "Tim History?" 



1) OUTLST 

2)  I n t e r a c t i v e  reeponscs (INPUT) 

The next f i l e  which i r  suppl ied along with the program code, con- 

t a i n s  the  program e r r o r  messages: 

3) ERMSSG 

The remaining f i v e  Leiles a r e  used t o  def ine  t he  basic  vehic le  con- 

f i gu ra t i on  and t r i m  conditions: 

4)  GHDTA 

5) ARODTA 

6) INFDTA 

7) PLMDTA 

8) TRMDTA 

Using these f i l e s ,  t he  program w i l l  c a l c u l a t e  the  t r i m  and p r i n t  the  

r e su l t s .  

Additional Data: 

9) HISDTA - Time h i s to ry  da ta  f i l e .  This f i l e  must 
be supplied i f  t he  user  has answered the  i n t e r -  
a c t i v e  quest ion "Time History?" as true.  

Gust s t r i n g  f i l e s  (RG1, RG2, RG3, and RG4) a r e  not necessary as long 

a s  the user  inputs  GSTFLG = F i n  the da ta  f i l e  HISDTA. 

This manual descr ibes  each of the  above f i l e s  i n  Sect ion 2. The 

user  should consul t  these s ec t i ons  along with Appendix A, B, and C when 

generating data  f i l e s .  Sect ion 11 of t h i s  manual contains  the s p e c i f i c s  

of how t o  c r ea t e  and load the  job t o  run the  program on the NASA/Ames 

CDC 7600/Scope System. 



TI,.:, sec t ion  discusses  each input da ta  f i l e  necesrary t o  the  program 

(HLASIM). The discussion is not exhaustive. The methods f o r  e a t i m t i n g  

1:hc engineering cons tan ts  a r e  found i n  the "Technical Manual" .ad t h e  

d e f i n i t i o n s  of each input  var iab le  is given i n  Appendix A of t h i r  ma- 

ul. Sample da ta  f i l e s  a r e  given i n  Appendix 8. The d i rcuss ion  here  

include the f i l e  format and s p e c i a l  o r  not obvious w a r  u d e  of any var- 

iab les .  

The following is a complete list of the input  data  f i l e s :  

GMDTA 
ARODTA 
IFCDTA Vehicle, Trim, and Time h i s to ry  

PLMDTA variable6 (Discussed i n  Section 2-A 

TZMDTA t o  2-F) 

HISDTA 

MORDTA 

PAY DTA 

Mooring exclusive &ta (discussed i n  
Sect ion 8-B 

Payload exclueiva da ta  (discuaeed i n  
Sect ion 7-B) 

RG 1 -RC6 Gust s t  r ings  
RGS, RG6 Cuot s t r i n g s  (discussed i n  Section 24) 

OUTLST User se lec ted  output var iab les  code 
numbers (Vehicle discussed i n  Sect ion 2-H) 

PYOUTL User s e l ec t ed  output var iab les  code 
numbers (Payload-discueeed i n  Sec t l o n  7-B) 

INPUT Run Parameters (diecussed i n  Sect ion 2-1) 

ERMSSG 
Error  message8 (Supplied with program discussed 
i n  Section 2-3) 



Contents: Geometry and Mar8 Charac t e r i r t i c r  

The var iab les  i n  t h i s  f i l e  are l i o t e d  under the  followilrg output  

headings : 

a "GEOMETRY INPUTS, " 

a wMOOR6NG POINT GEOMETRY, " 
a "UNDING GEAR ATTACH POINTS AND SPRING CONSTANTS,'I 

"MASS AND MOMENT OF INERTIA INPUTS" 

The de f in i t i ons  and descr ip t ione  f o r  these  input  var iab les  are found i n  

Appendix A. The moment of i n e r t i a  c h a r a c t e r i s t i c s  a r e  discussed i n  t he  

technica l  m n u a l  accompanying t h i s  program. Consequently, only those 

inputs  which have s p e c i a l  s i gn i f i cance  o r  a r e  used i n  a spec i a l  u n n e r  

a r e  discussed i n  t h i s  sect ion.  A l l  input6 a r e  i n  Namelist format. 

Figures 1 and 2 i l l u s t r a t e  the  geometry configurat ion vec tors  and 

t h e i r  reference centers .  The legend f o r  Figs. 1 and 2 is ae follows: 

+ r1 - RTALOC CHDTA r 7  - BACELC HISDTA + 

+ 
r 2  - RATCH2 WDTA & - RVSNLC HISDTA 

+ r4  - RMORPT CHDTA Plo - RPROP2 G'WTA 

+ 
rg - RATHG~ CMDTA gll - SGLPZ GMDTA 

+ 
O T A  

+ 
rg  - RHULCG r 12 - RACLP2 ARODTA 

P1 - Reference Center Hull (center  of volume) 

P2 - Reference Center T a i l  

P3 - Reference Center LPU 

P4 - Attach point of LPC 

Pg - Attach point of Landing Gear 

Pg - Center of g r av i ty  h u l l  

P7 - Accelerometer loca t ion  

Pg - Velocity sensor loca t ion  

Pg - Rotor hub 
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Figure 1. Vehicle Peometry Vectors and R-lference f cnters 
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r- RAonT2 
rx z 

Sectim c-c ' 

L PU2 Right Side View 

Figure 2a. F-asic LPU Geometry Configuration Vectors 

Landing L o r  
Frame 

LGRLN4 

Sectlbn d-d' 

Right Side View 

Figure 2b. Basic Landing Gear Configuration 
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P10 - Propeller hub 

Pi1 - LPU center  of gravity 

Pi2 - LPU aetodpnrmic center  

Figure 3 i l l u s t r a t e s  the angular or ienta t ion  of the LPU reference 

axes with respect t o  the hull.  Figure. 4 showe tbe  propeller  a d  d i r e c t  

th rus t  vector or ienta t ion  with rcrpoct t o  the LPU. 

This pragr.m was designed to  .adel  a heavy-lift a irs t- ip with four 

l i f t  propulsion wits. By choosiag specia l  somet ry  and mass character- 

istics, the  slmulut.t.on w i l l  model fewer than Iwr LPUs. [It i; not 

\ Note : Positive Sense Angles 

Figure 3. LPU Euler Angles, 
Namelist NGBANG, Data F i l e  CMDTA, Page 
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No&: Positive Sense 
! Xpi Angles Shown 
z i 

Figure 4a. Propeller Shaft Orientation -lee (Namelist NPRPRIG) , 
Data Pile G m A ,  Page A-6, Volume IV 

T,i Direct 

Note : Positive Sense 
Angles Shown 

i 

Figure bb. Direct Third Orientation Angles (Namelist NJETHSA) , 
Data File CNDTA, Page A-11, Volume IV 



porr ib le  t o  rodel more than four LPUa.1 Thir L done by reroiag tha 

aerodyrumic ef fec t8  of one o r  .on ef the l i f t  propuleion uni te  and 

placing the LPUr a t  the vahicle center of uravity u followr: 

a) Set the number of  iPU1 t o  th. correct nurkt 
[variable NUlUPU]. 

b) Position the LPU(8) 2 3  \ta reroed 80 tha t  t h e i r  
centers  of gravity Lie on the  center of gravity 
of the hull.  e m g m ,  to  eliminate LeU-1, 

w i l l  place the center  of :\ravity of LPU-1 on the 
center  of s rav i ty  of the hull.  

c )  The maso of the LPUe can never be set t o  zero. 
Consequently, the user should ca lcula te  the m a s  
of the hu l l  80 that the  .asses of the LPU(s) 
being teroed plua the ms.9 of the hu l l  equals the 
desired m a s  of the hu: 1. The moments of i n e r t i a  
m a t  be adjusted r o  tha.r add i n  a s imi lar  lunner. 

d)  There a r e  several  a e r o d y n r ~ i c  input-, contained 
i n  data f i l e  ARODTA, which m a t  a,*o ba s e t  t o  
zero. 

The mooring point gaometry inputs a re  not ured i n  the unmoored 

programs (HLASM and HLAPAY) but they m e t  be i n  the input list. The 

landing gear spring constant8 and a t tach  points a re  o ~ l y  used by W I M  

or HLAPAY i f  the vehicle touches the g r o u ~ d  d u r i q  t.ne time his tory  ( the  

vahicle can be flown down t o  ground corrtact a time history) .  

They are ,  of course, a primary fac tor  In HLA ,R. 

The program was developed with four "anding gears. A. with the l i f t  

propulsion uni ts ,  one o r  more of these landing gearr can be removed, 

aiving the afcrect of fewer than fc , [no s rea ter  tha9 four landing gears 

can be modeled]. To remove a landing pear, no special  geometry config- 

urat ion is necersary; only the gear sprinp constant [CEARK] should be 

r a t  t o  zero for  each landing gear that  1.1 being zeroed. ( ime. ,  G-1 - 
0.0 w i l l  eliminate a l l  forces ac.saci .ced with ktear 1). 



Contents: The Aerodynamic Coartantr fo r  the all and Lift  Propulsion 
Unite 

These input variables can be found i n  th- output l i r t i n g  under the  

sect ions headed "W AERODYNAMIC PARANETBEE INPUT" and "HULL AERODYNAMIC 

PARAMETERS INPUT. " 

The user w i l l  have t o  consult the  Technical Manual t o  f ind  the  

method fo r  estimating these aerodynamic paraacterr. Appendix A contains 

a list of a l l  of these parameters rad t h e i r  def in i t ions  ae w e l l  as a 

default  value which w i l l  e f fec t ive ly  cancel t h i s  parameter from the cal- 

culat ions of the program. This defablt  value can be used i f  the user: 

1) does not think tha t  t h i s  pa r t i cu la r  e f fec t  is important t o  be rod- 

eled; o r  2) is unsure of the method f o r  generating a cot rec t  value. A l l  

inputs a r e  i n  namelist forra t .  

The discussion of data f i l e  C;HDTA contains a diagram of the qeometry 

configuration vectors. This diagram includes the vectors, RACLP1-4, 

which a re  i n  f i l e  ARODTA. 

When the user is simulating a configuration tha t  has less tkqn four 

l i f t  propulsion uni ts  there a r e  several  variables i n  t h i s  f i l e  which 

must be zeroed. They are: the l i f t  curve slope, the drag equation 

coefficients ,  and the LPU fuselage aerodynamic X-f orce, Y-f orce, and 

2-force derivatives. [The user should see the discussion of the geome- 

t ry  input f i l e ,  GMDTA, f o r  a discussion of the geometry configuration 

necessary to  go with these aerodynamic parameters when zeroing some of 

the LPUs.] For example, the aerodynamic e f fec t s  of LPU-1 w i l l  be zeroed 

by s e t t i n g  the following values t o  zero: 

DLTPlA = 0 

DLTPlB = 0 

DLTPlC = 0 

DLTRlA = 0 

DLTRlB = 0 

DLTRlC = 0 



Contents: Aerodynamic Interference Conatanto 

These input variables can be found on the output l i 8 t i n g  under the 

t i t l e s :  

INTERFERENCE CONSTANTS ON ROTOR 

INTERFERENCE CONSTAN'S ON PROPELLER 

INTERPERENCE CONSTANTS ON FUSELAGE 

INTERPERENCB CONSTANTS ON XULL 

INTERFERENCE CONSTANTS ON TAIL 

The user w i l l  have t o  consult the technical manual t o  see how 

these constants are  estimated. Appendix A list8 these variables with 

notee on valid input and input default  values. A l l  inputs a n  i n  name- 

list format* 



Contents: The Rotor and Propeller Spin Rates and the Mechanical Con- 
t r o l  Limits on the Rotors, Propellers,  and Ta i l  

These variables are on the output iLst ing under ''ROTOR AND PROPELLER 

SPIN RATES" and "MECHANICAL FLIGHT CONTROL SYSTEM CONSTANTS.'' 

The mechanical f l i g h t  control  eyetem limits represent physical 

l i m i t s  f o r  the movement of the various coaLrol elenent effectors .  Data 

f i l e  HISDTA contains control  system 1IrniC.11 which correspond t o  these. 

These l imi ts  r e s t r i c t  the ef fec tor  cornrends generated by the f l i g h t  con- 

t r o l  system loops. The f l i g h t  control  system loop limits should, i n  

general, be l e s s  than physical (mechanical) limits, (an individual  

f l i g h t  control  system loop should never generate a comand which uses 

a l l  of the control power possible i n  any par t icular  effector) .  

Appendix A contains a descript ion of these variables. They are  a l l  

i n  Namelist format. 



I. MTA PILE IOUIB: TPLlDTa 

Contents: Trim S t a t e r ,  Atmospheric Parameterr, and S t a b i l i t y  
Derivative Flago 

These inputs  are found i n  the outut  l i s t i n g  under 

"INERTIAL VEHICLE STATE INPUTS, " 
"ATMOSPHERIC PARAMETER INPUTS, " 
"STABILITY DERIVATIVE FTAGS ." 

All  inputs  a r e  i n  namelist format. Appendix A contains a desc r ip t ion  of 

each of these variables .  

This data  f i l e  contains the basic  data  def ining a t r i m  condition. 

The number of t r i m  runs is defined by the response t o  the question "How 

many t r i m  f l i g h t  - conditions?" (see Section 2-1). The program is 

designed s o  tha t  it w i l l  read one block of trlm data,  do the assoc ia ted  

t r i m  ca l cu la t ion  and p r i n t  the results. It w i l l  then read a second 

block of t r i m  data,  and a t h i r d ,  and a four th ,  up t o  the number of t r i m  

conditions requested. The data  s e t  i n  t h i s  f i l e  must be repeated enough 

times t o  prevent the program from t ry ing  t o  read beyond the end of the  

da ta  f i l e .  I f  t h i s  data  f i l e  contains more blocks of data  than the num- 

ber of user  requested t r i m  condi t ions,  the program w i l l  ignore the e x t r a  

blocks. The l a s t  condition ca lcu la ted  is used a s  the basic  s t a r t i n g  

condition f o r  the time h i s to ry  run which is t o  follow. 

Note: 

For HLASIM and HLAPAY, the h u l l  pos i t ion  (HULPOS) 
must be such t h a t  the landing gears ,  gear frames, 
h u l l  bel ly ,  and t a i l  a r e  not touching the ground. 

This data  f i l e  is used by a l l  three programs (HLASIM, HLAPAY, and 

HLAMOR). To insure t h a t  the f i l e  is co r rec t ly  positioned, there a r e  two 

f l a g s  which the input rout ines  look for :  

1 ) SUBROUTINE INS'I'AT must immediately precede 
$NT!:SiAT each time t h i s  namelist appears. 

2 )  SUBROUTINE INATMOS must immediately precede 
SNINATMOS each time t h i s  namelist appears. 



Followiag each trim, the  user  b u  the  opt ion of having open-loop 

u t a b i l i t y  de r iva t ives  ca lcu la ted ,  and may chooee which a t a b i l i t y  d e r i m -  

tive mtricer are t o  be printed. There c a ~ c u l a t i o a r  are unaffected by 

the  closed-loop con t ro l  syrtem. The reasone f o r  providiag there  op t ions  

a r e  twofold : 

a )  The cos t  of ca l cu l a t i ng  s t a b i l i t y  de r iva t ives  can 
q u i t e  high because t he  bas ic  program s t a t e  

de r iva t ive  vector  is ca lcu la ted  th ree  times f o r  
each s t a b i l i t y  de r iva t ive  matr ix  column. 

b) The l i s t i n g  of s t a b i l i t y  der iva t ives  is r a the r  
long. I f  they are not wanted the  user  w i l l  pro- 
bably not want t o  have them printed. 

The meanings of t he  s t a b i l i t y  de r iva t ive  f l a p  are: 

DERVFL = T S t a b i l i t y  de r iva t ives  w i l l  be cal- 
culated. 

= F No s t a b i l i t y  de r iva t ives  a r e  calcu- 
la ted .  [The remaining f l a g s  have 
no meaning t o  the  program.] 

AMATFL = T 

BMATFL = T 

BPMTFL = T 

The A matrix w i l l  be calculated.  
The P, matrix is generated by per- 
t u rba t ion  of t h e  s t a t e  vector.  

The B matrix w i l l  be calculated.  
The B matr ix  is generated by per- 
t u rba t ion  of a l l  t he  ind iv idua l  
con t ro l  element e f f ec to r s .  

The B' matrix w i l l  be calculated.  
The B' matrix is generated by per- 
tu rba t ion  of the s i x  l inked con- 
t r o l s  . 

CMATFL = T The C matrix w i l l  be calculated.  
The C matrix is generated by per- 
t u rba t ion  of a l l  tile gust  states. 

CFMTFL = T W i l l  cause t he  aux i l i a ry  matrix 
a s s o c i a t e l  with each of the above 
matricr-d t o  be pr inted.  

Associated with each wi .: matrix t he re  is an aux i l i a ry  matrix,  which 

is produced by the cons t r a in t  forcca and moments. It is ca lcu la ted  s i m -  

??.lteuc9usly w i t k .  the main matrix. I f  the  user  inputs  CFMTFL = T, then 



f a r  each of the m i n  mtrices, which he q u e o t e d ,  the auxi l ia ry  ~ t r i x  

w i l l  a l s o  be printed. I n  the following -18 the user w i l l  have tbe A 

matrix, the C pyltrix, the A auxi l ia ry  matrix, d the C auxi l ia ry  matrix 

printed: 

DERVFL = T 

BPMTFL 0 F 

CFMTFL = T 

I f  CFMTFL had been f a l s e  only the ' A  and C matrices would have been 

printed. Whether the user sets CFMTFL equal t o  true or  f a l s e  has no 

e f f e c t  on the cost  of running the program, since auxi l ia ry  pat r ices  a re  

a byproduct of the main matrix calculation. 



C. MTA PILE M: BISDTA 

Contents: A l l  Inputs Related t o  the Time History Calculat ionr  

These inputs  can be found i n  the output l!.rtiag under t he  headings: 

"FLIGHT CONTROL SYSTEM CONFIGULUTION" 

''TIME HISTORY PROFILE" 

"GUST INPUTS" 

This f i l e  is read only i f  t he  user  has requested a time h i s t o r y  ca lcu la -  

t i o n  i n  response t o  the i n t e r ac t i ve .  quest ion "Time Bietory?" I f  the  

user  does not want a time h i s to ry  ca lcu la t ion ,  it i a  not necessary t o  

load t h i s  f i l e  with the program. A l l  inputs  a r e  i n  nameliat format. 

Appendix A contains's descr ip t ion  of each of these var iables .  

Generally, no s ing l e  loop of the  f l i g h t  cont ro l  upstem should com- 

mand the maximum on any ind iv idua l  con t ro l  e f f ec to r ,  and no ind iv idua l  

i n t eg ra to r  should command the  maximum cf any p a r t i c u l a r  con t ro l  loop. 

The in tegrq t ion  liaits (UILM, VIM, WTILY, PHIIW, TliEILM, and RILM) 

should be less than the corresponding loop l i m i t s  (ULLM, VLLM, HDTLLM, 

PHILLM, THELLM, and RLLM). Both these s e t s  of limits should be smaller  

than the  mechanical f l i g h t  cont ro l  l i m i t s  input i n  da ta  f i l e  PLMDTA. 

These mechanical l i m i t s  represent  maximum physical  l im i t s .  

The cont ro l  system feedbacks can be based on two separa te  reference 

axes. The feedback cont ro l  f l a g s  (UFDBK, VFDBK, and RFDBK) when s e t  t o  

t r u e  cause the feedbacks i n  the u, v, and r loops t o  be based on body 

a x i s  reference. When set t o  f a l s e ,  the u and v feedbacks a r e  based on 

the  body ax is  apparent ve loc i ty  [ r e l a t i v e  wind], and r is the Euler yaw 

ra t e ,  b. 

Any of the s i x  cont ro l  loops may be open ( i nac t ive )  o r  c losed 

(ac t ive) .  The closed-loop f l a g s  a r e  ULPFLG, VLPFM;, HDTFU;, PLPFLC, 

QLPFLG, and TRTFLG. [T ind i ca t e s  the system is closed loop; F indi-  

ca t e s  the  system is open loop.] The user  must r e f e r  t o  the t e c h n i r a l  



manual f o r  a  descr ip t ion  of the f l i g h t  con t ro l  system gains  and how they 

a r e  calculated.  

The f l i g h t  cont ro l  system has a hover cont ro l  command. This com~aand 

cons i s t s  of the s t a r t i n g  and ending times [POSHTl, WSUT21 f o r  the vehi- 

cle t o  hold a  hover posi t ion.  The user  does not def ine the  pos i t ion ,  

but only the times. The hover pos i t i on  is flagged ae  the  i n e r t i a l  posi- 

t i o n  of the vehicle  a t  the  t i m e  POSHTl. The hover cont ro l  funct ions as 

follows : 

1)  For POSHTl < TIME < POSHT2 the  hover con t ro l  
module generates  commands t o  hold and/or r e tu rn  
the  vehic le  t o  t h e  pos i t i on  flagged ( P W : X ,  
PHRF:Y, PHRF:Z, and PHRFfPSI on the output list- 
ing).  These coanaands w i l l  r e ac t  t o  any vehic le  
motion away from t h i s  reference posi t ion.  All 
user  input f l i g h t  con t ro l  commands a r e  ignored 
during t h i s  t i m e  span. 

2) "TEST" commands w i l l  be recognized while t h e  
hover cont ro l  is turned on. As  soon a s  the vehi- 
c l e  moves away from the  hover pos i t i on  a s  t he  
r e s u l t  of the  "TEST" command the  hover con t ro l  
w i l l  r eac t  t o  counter t ha t  motion. It w i l l  even- 
t u a l l y  overcome the e f f e c t  of the "TEST" command. 

3) When the  hover con t ro l  i s  turned off (POSHTZ), 
t he  system resumes the  input  comeand interpola-  
t ions.  I f  the user  has input a  command a t  t he  
same time the  hover cont ro l  is turned o f f ,  the  
system immediately jumps t o  t ha t  commend, c rea t -  
ing a  s t e p  command. I f  there  a r e  no cormnends 
input  a t  t he  same time the  hcver con t ro l  is 
turned o f f ,  the  system w i l l  i n t e rpo la t e  between 
the l a s t  hover con t ro l  command ( i n t e r n a l l y  gzner- 
a t ed )  and the  next f l i g h t  cont ro l  command (user  
input  ) . 

The user  should r e f e r  t o  the f l i g h t  cont ro l  system commands below 

f o r  f u r t h e r  discussion and diagrams bn how these two command ,?ystems 

i n t e r a c t .  

The TIME HISTORY PROFILE contains  the test commands and f l i g h t  con- 

t r o l  system commands which w i l l  be executed during the time h i s to ry  run. 

The Test Commands con t ro l  the ind iv idua l  element e f f ec to r s ;  they move 

the e f f e c t o r  a  spec i f i ed  angle  f o r  s given L i m e .  [Note: T1 and T2 i n  



t he  var iab le  name ind i ca t e  e t a r t i n g  and ending time, respect ively.  ] 

Each group of e f f ec to re  (i.e., ro tore ,  p rope l le r r ,  and ta i l )  h a w  a 

s i n g l e  user  se lec ted  s t a r t i n g  and ending time asroc ia ted  with i t 8  com- 

mand inputs.  The l inked con t ro l s  likewfee each have one s t a r t i n g  and 

ending time. Each of the s i x  l inked control8 command one of the a i x  

degree8 of freedom of the vehicle .  These con t ro l s  w i l l  manipulate a l l  

the  varioue e f f ec to r s  according t o  the mixing scheme which has beau 

es tab l i shed  i n t e r n a l  t o  the  program. I f  the user  wishes t o  change t h i e  

mixing ~cheme,  the program code must be a l t e r e d  (see Programmer's Nan- 

rial; This should be done with grea t  care  because i t  may very adversely 

af f 5c t  the trim and closed loop reeponse. 

The t e s t  commands a r e  added t o  the f l i g h t  con t ro l  system commends. 

I f  the  vehicle  is being flawn closed loop, thesc? test commands serve ae 

cont ro l  system exc i ta t ions .  

The FLIGHT CONTROL SYSTEM COMMANDS a re  input i n  a format d i f f e r e n t  

than the other  inputs  i n  t h i s  da ta  f i l e .  Thio is done t o  allow a var i -  

ab l e  number of cammande t o  be input without using counters or  f lags .  

The user  may input from zero t o  twenty commands f o r  each of the s i x  

loops [l inked cont ro ls ] .  Each command is a time-command pa i r  ( r e a l  num- 

bers).  It i e  recommended t h a t  the  commands be put on separa te  l i n e s ,  

although !c is not necessary. The time is f i r s t  and the co~lleaad is 

second. 2 - i h  number must be followed by a comma. 

The s i x  command var iab le  names, i n  order,  are:  UCMD, VCMD, HDTCMD, 

PHICW, THECMD, and TRTCMD. The namelist ,  NCOMAND, is followed by 

groups of commands eacn preceded by its var iab le  name. I f  there  a r e  no 

commands f o r  a p a r t i c u l a r  var iab le ,  then tha t  var iab le  should not 

appear. I f  the user  is not input jng any commands f o r  the time h i s to ry ,  

the namelist name, followed immediately by the  end f l a g  must s t i l l  be i n  

t he  f i l e .  



A tyyica! met of commands could be: 

Note: 

1) Al l  of the input value; a r e  followed by comma. 

2) Variable names of cont ro l3  not being c a m n d e d  
a r e  excluded [I .a*, V O ,  HDTCMD, and rtU AD].  

3) There can be up t o  twenty time-command pairs f o r  
each cont ro l  . 

4)  The t i m a  [ f i r s t  number of each pair] m e t  be i n  
decending order f o r  each control .  No two times 
f o r  the  same cont ro l  can be equal. 

5) The comaand pa i r s  a r e  wr i t ten  on separa+.o rows. 
This is not necessary, but is highly recommended. 

If  the uRer does not input a f l i g h t  cont ro l  system command a t  time 

0.0 fo r  any of the s i x  c o ~ n d u ,  the program generates a ti& 0.0 com- 

mand equal t o  the trim condition. After  the c l m e  h i s to ry  ha8 beaun, t he  

program repeatedly in te rpola tea  between tho input commands (or  between 

t r im and the f i r s t  user  command) t o  get  an appropriate  command f o r  any 

pa r t i cu l a r  time. I n  the example a c . ~ ~ e ,  the user  has inpat  a command of 

2.0 a t  ti- 0.0 f o r  UCHD. The program w i l l  c ~ . l c u l a t e  a commend of 4.0 

a t  time 1.0 [ i n t e rpo la t i on  between time 0.0 and time 3.01. I f  the user  

has input a command a t  time 0.0 d i f f e r e n t  than the trim condi t ion,  the  

user  i ~ i p u t  command is implemented a t  time 0.0. This r e s u l t s  i n  a s t e p  

command a t  time 0.0. 

If the user commands do not pontinue u n t i l  the  time h i s to ry  is com- 

p l e t e ,  the program w i l l  hold the l a s t  user comarend u n t i l  the  end of the  

simulation. This is done to  be cons is ten t  with the gust inputs  (see 

below). If the ua*: ~01n~and8 continue beyond the f i n a l  eimulation time, 

the progrfim w i l l  i n te rpola  t a  toward those commands. 



ORIGINAL PAGE 13 
OF POOR QUALin 

A s  noted e a r l i e r ,  the  user  can create a s t e p  command a t  time 0.0 by 

input t ing  a couuaand which is d i f f e r e n t  than the trim value. A s t e p  com- 

nand can a l s o  be created during a tide h i s to ry  run by i npu t t i ng  two coo- 

mands with t i m e s  which a r e  very c lose  together  ( t he  times mu& never be 

equal). For example: 

This  commands 25 a t  t i m e  3.0. The next algorithm s t e p  the  command vill 

be 35 which is, i n  e f f e c t ,  a s t e p  compand. 

The following example ~ L l l  demonstrate these opt ions : 

VHUL = 18.0, 0, -1.0,' (from f i l e  TRMDTA) 

WLEUL = 0.0, 0.1, 0.0 

l$NCOMAND ' (from f i l e  HISDTA) 
UCME = 3.0, 20.0, 

6.0, 30.0, 
8.0, 50.0, 

THECMD = 0.0, 0.0, 
5.0, 0.0, 
7.0, 0.15, 
12.0, 0.5, 

SEND 
TSIM = 10.0, ( s inu l a t i on  t i m e ;  f i l e  BISDTA) 

Note: -1.0 i n  the  t r i m  ve loc i ty ,  WUL = 18.0, 0.0, -1.0, r e f e r s  t o  

a f l i g h t  condition of i 3  u n i t s  forward (pos i t i ve )  and 1 un i t  v e r t i c a l  

(upward) veloci ty .  This negative body ax i s  ve loc i ty  corresponds t o  a 

pos i t ive  climb r a t e  command (HDTCMD = +1.0). 

Figure 5 i l l u s t r a t e s  the example above. Figures 6 and 7 i l l u s t r a t e  

the operation of the hover cont ro l  system. 

"he GUST INPUTS a r e  next i n  t h i s  da ta  f i l e .  There a r e  two types of 

gust  inputs ,  a (1-minus-cosine) gust generated a t  ind iv idua l  veh ic le  

elements, and four gus t  s t r i n g s  which a r e  read from four  user  c rea ted  

f i l e s  . 
The beginning of these gust  inputs  must be flagged with SUBROUTINE 

INGUST immediately preceding namelist  NHGCOM. This is done t o  allow 

HLAMOR t o  sk ip  over the unused f l i g h t  cont ro l  system and t i m e  h i s to ry  

p r o f i l e  inputs .  



ORIGINAL PAST: 15 
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X Trim condition 
0 User input command 

Program generated commands - Commands generated by interpolation 
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0-------- I I I 
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THECMD 
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Figure 5 .  Program Generated El ight Control Commands Eased 
on Irscr Input Commands 
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Flight Control Commands Input Mwr Position Command 

UCMO 0 . 0 ,  0.0, POSHTI 2 . 0 ,  
2 . 0 , 0 . 0 ,  POSH12 8 6 . 0  
6.0 , 15.0, 
10.0 , 20 .0 ,  

Time (sec) 

0 User input command - System calculated commands by interpolation 
bet ween user inputs 

--- Commands which would have been used if hover 

control hod not been turned on - *\ 
,# ,*# ! Commands wnich the h c : ~  control generates 

C 

Ftgure h. Ibver Control Operat ion-Hover in8 
Tr im Cond it ion 
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h'ii~ht Control Cqmmonds Input Hover Posit ion Command 
UCMO = 0.0, 10.0, POSHTI 8 3.0 

2.0, 10.0, POSHT2 8 5.0 
5.0 , X ) . O ,  
10.0, 15.0, 

0 POSHTI POS 
C \ 

1 
I I 1 1 I 1 

I I I 1 
1 

E 
1 1 

0 2 \ 6 7 8 9 10 
u -5 \ 1 

\ 1 
Time (sec) 

Figure 7 .  Hover Control Operation- 
Nonhover ing Tr i m  Cond it ion 



The (l-minus-corine) gust  on each element ir turned on and of f  by 

the  r ta r t in ( l  (Tl) and ending (T2) time, r i m f l a t  t o  the  format of tha  

test coosrndr and the hover cont ro l  command. 'Fb.re g u t 8  t t a c a  out  8 

( l -minur -co~ine)  curve over the  t im rpan of the au r t .  Thir ir dono by 

input t ing  the  gust  time @pan (var iab le r  with T1 and T2 i n  them) and the  

maximum Rust valuer (var iab le r ,  with EUY i n  them). If a (one-rinur- 

cosine)  input is not wanted on any or  a11 of the  Vehicle componentr, the  

" ' z r s i q  t i m a s  rhould be set t o  valuer l a r g e r  than the r i m l a t i o n  time, 

o r  the oaximum values of the  gur t veloci  t f ee  rhould be sera . The endi  ng 

time f o r  the gust must always be l a r g e r  than the r t a r t i n g  time. T h e n  

a r e  6 points  on the vehicle  where these gus t s  can ba generated: Hull, 

Ta i l ,  and each of the four  LPUs (ree Figure 8). 

The s t a r t i n g  and ending times fo r  the  various g u r t s  can be d i f f a r -  

ant .  This allows the  user  t o  s tagger  the a t a r t i w  and ending tiwe i n  

such a manner a s  t o  approximate a gutc f i e l d  pasring by t he  vehicle.  

This is only a crude approximation and is not r e a l l y  the i n t en t ion  of 

the  model. The in t en t ion  is t o  allow the user  t o  input a @st which 

a c t s  a t  only one point on the vehicle  and therefore  i s o l a t e  the e f f e c t s  

of tha t  gust. 

The gust  s t r i n g  input option is turned on by the f l a g  CSTFLG = T. 

The user must load the gust  s t r i n g  input f i l e s  (RCI-RG6) with the pro- 

gram only i f  t h i s  f l a g  is turned oc. Discussion of f i l e s  (RG1-RC4) is 

found in Sect ion 2%. RC5 and RC6 a r e  f o r  payload input  f i l e s  gus t s  and 

a r e  discussed i n  Section 7, Subsection B, Ar t i c l e  4. The three  vori-  

ab les ,  RFSKCX, RASRCX and RSORCX, determine the pos i t ion  of the gust  

input sources around the vehicle  ( i n  vehicle  reference frame). The two 

x-variables, RPSRCX and RASHCX, def ine  the forward and a f t  vectors  t o  

the input source. The s i n g l e  var iab le  RSORCY (always pos i t i ve )  is the 

d i s tance  r i gh t  and l e f t  t o  the input eource loca t ions  f r o a  the h u l l  cen- 

t e r  l ine.  This insures  t ha t  the four gust  input Rources a r e  located i n  

a l a t e r a l l y  symmetric rectangular  configurat ion about the vehicle.  It 

is recommended t 'rat the rectangle  defined by thore sources rhould 

surround the LPUs and t a i l ,  but not ba unnecessarily large.  Figure 9 

i l l u s t r a t e s  a t yp i ca l  posi t ioning of the sources a tou t  the vehicle.  The 
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$NtlCIC@M 
HTlGST = 3.(! seconds 
HTZCST = 7 . 0  seconds 
rmwAX = 0.0  ftlsec 
VHGMAX = 8 . 0  ft/sec 
k'tlC~iAY. = 3 . 0  ft/sec 
PH(;HAX = 0.0 rad/sec 

Gust x - Direction 

lot 

QHCMAX = 0.0 radlsec 
RHCMAX = 0.0 radlsec 
DL!XHMX = 0.0  l/sec 
DllYHm = 0.0 l/sec 
9mm = 10.0 I / S ~ C  
SEND 

I- 
Gust y- Direction 

I Gust I -  Direction 

Time (sec) Time (sec) Time (sec) 

0 2 4 6  8 
Time (sec) 

- dv Gust Velocity Gradient 
d Y 

Figure 8 .  Typical One-llinus-Cosine Gust 



Source I 

Source 2 - RG2 

Source 3 - RG3 

Source 4 - RG4 

Source 3 

Figure 9. Cust Input Source Geometry; RFSRCX is 
Posit ive as shown. RASRCX is  Megat ive a s  

shown. RSORCY is Always Posi t ive  

Source 2 
a 

@ (!) Reference Center 'RFSRCX 

+- - 

RASRC)( 



i n t e r p o l a t i o n  rcheme which u r e r  t h e r e  rource r  doer not c o n r l d e r  t h e  d i f -  

f e r e n t  h e l g h t r  of t h e  v a r i o u  w h i c l e  componentr. 

The d a t a  under "CWPUTER ALCORITW TINE STEP INPUTS" are t h e  lart 

i n p u t s  from t h i r  f i l e .  They a n  contained i n  Nurl i r t  NINSTEP, which 

murt k preceded by the  f l a g  SUBROUTINE INSTBP. 

TIHSTP i r  t h e  time r t e p  t h a t  18 parr.8 t o  t h e  ayrtam i n t e g r a t o r .  

The i n t e g r a t o r  d i v i d e s  t h i a  value  i n t o  a u l l e r  and rmal le r  d i v i s l o n r  

u n t l l  it can meet t h e  i n t e r n a l  e r r o r  c r i t e r i a .  Thia v a r i a b l e  provides  

t h e  i n i t i a l  a t e p a i r e  t o  rne i n t e g r a t o r .  It i r  a l s o  t h e  mxiaum s t e p  t h e  

i n t e g r a t o r  can take.  TKGTP rhould be reasonable f a r  the v e h i c l e  mode 

f requenciaa;  u n n e c e r r a r i l y  8-11 valuaa w i l l  i n c r e a s e  program e m c u t i o n  

time and coat.  Durirtg developrezt  we found t h a t  va luer  between 0.1 and 

The var iub lc ,  HINSTP is t h e  pinlmum al lowable  time s t e p  which t h e  

system i n t e g r a t o r  can take. I f  t h e  ryetem i n t e g r a t o r  ir  unable t o  meet 

t h e  e r r o r  c r i t e r i a  without gs ing  below t h i s  time s t e p ,  t h e  values  of t h e  

last a t tempt  a r e  accepted and t h e  program c a l c u l a t i o r u  cont invc a f t e r  a 

warning message has been p r in ted .  

Factors  a f f e c t i n g  t h e  cho ice  of TIHSTP and HINSTP: 

1 ) Rapidly chengirq f l i g h t  cond i t ions  requ i re  smal- 
l e r  minimum i n t o y r a t o r  time s t e p s  (small HINSTP), 
i.e., g u s t s ,  and f l i g h t  c o n t r o l  commands. 

1 )  S p r i ~ a  i n  payload c a b l e s  and landing g e a r s  
r e q u i r e  s m a l l e r  minimum s t e p s  (MINSTF ' because of 
h i& frequency moder. (HLAPAY needs amal las  t 
s t e p s ,  HUSIH is only a f f e c t e d  i f  a c t i v e  landing 
g e a r s  touch t h e  around). 

3) If  t h e  e a r l y  part of the  time h i s t o r y  has chang- 
Jw f l i g h t  condi t ion8 but t h e  remainder i a  i n  
s t eady  f l i g h t  MINSTP rhould be r ~ l l ,  but TIMSTP 
considerably  l a r g e r  t o  a l low t h e  i n t e g r a t o r  t o  
open up i ts  c a l c u l a t i o n  atep.  

4)  The p l o t t i n g  F i l e s  (see Sec t ion  3-B) a n  w r i t t e n  
a w r y  TIMSTP i n t e r v a l  of the  time h i s t o r y .  



6. PItg rums: El: E-2# aa# Im 

Contents: The gust input s t z ings  

The gust input etrlnp,e a r e  read from these four  data f i l e s .  These 

f i l e s  contain four  numbers on each row. The f i r s t  number is time, fo l -  

lowed by the u, v, and w ( l i n e a r )  v e l o c i t i e s  of the gwt. These numbers 

a r e  input i n  f r e e  format with an unlimited number of l ines .  The only 

r e s t r i c t i o n  is tha t  the times ( f i r s t  en t ry  on each l i n e )  be i n  ascendiag 

arder. Note tha t  f i r s t  gust time en t ry  need not be 0.0. 

Gust ve loc i t i e s  at the source loca t ion  a r e  obtained from time in t e r -  

polat ion between the times i n  theee f i l e r .  The gust  ve loc i t i e s  and gra- 

d i en t s  f o r  each element a r e  determined from s p a t i a l  i n t e rpo la t ion  among 

the per t inent  source ve loc i t iee .  Backward d i f fe rence  schemes a r e  used 

t o  determine gust acce lera t ions  . 
These four  data  f i l e s  a r e  associated with the four  gust input sour- 

ces  (see data  f i l e  HISDTA). A t yp ica l  s e t  of gust  input data  and the 

associated explanation is presented i n  the following example. 

Sample data  f i l e s :  

Notes: 

1 )  the various times ( f i r s t  en t ry  of each l i n e )  on 
the d i f f e r en t  f i l e s  need not correspond with each 
other.  



2)  In  f i l e  RG1, t he re  w i l l  be a u-gust of 5.0 a t  
time 0.0. This gust  w i l l  not appear on the  trim 
data  or  a f f e c t  the  t r i m / s t a b i l i t y  der iva t ive  cal-  
culat ions.  It w i l l  appear a t  time 0.0 on the  
pr ln tou t  and w i l l  be used i n  t he  time h i s to ry  
so lu t ion  f o r  time 0.0. 

3) The user ,  i f  he wishes t o  have the  gus t s  set t o  
r e ro  a f t e r  a  c e r t a i n  point ,  must input  re ro  gus t  
values a t  t h a t  time. The program does not zero 
them off a t  the  end of the  da ta  f i l e ,  but r a t h e r  
continues the  last input i nde f in i t e ly .  For exam- 
ple ,  i f  these  gus t  f:les were being used f o r  a  
10 second time h i s to ry ,  source RC1 would continue 
t o  have a  gust  ve loc i ty  vector of (2.0, 1.0, 0.0) 
from ;he t h i r d  second through the end of the time 
h is tory .  Source 2 (RG2) w i l l  have (0.0, 0.0, 
0.0) gust ve loc i ty  a f t e r  time 4.0 seconds. 

4) In f i l e s  RG3 and RC4, the  f i r s t  l i n e  of input has 
a  time of 3.0. The program, w i l l  automatical ly  
set the gus t  v e l o c i t i e s  t o  zero a t  time 0.0 and 
w i l l  then proceed t o  i n t e rpo la t e  between zero and 
the f i r s t  user  input gust  ve loc i ty  a t ,  i n  t h i s  
case, th ree  seconds. The ve loc i ty  vector  of 
(0,0,0) a t  3.0 seconds i n  f i l e  RG3 causes no gust  
t o  appear a t  source 3 u n t i l  a f t e r  the t h i r d  
second. I n  f i l e  RG4, there  is a  gust  of 1.0 a t  
th ree  seconds causing gus ts  t o  appear immediately 
a f t e r  Time 0.0 [ l ee . ,  1.0 second has (0.333, 0.0, 
0.0) and 2.0 seconds has (0.667, 0.0, O.O)]. 
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Contents: The code numbers i nd ica t ing  which var iab les  the 
user wishes t o  have pr in ted  on the output l i s t i n g  

This f i l z  cons is t s  of two lists of integers. The f i r s t  list con- 

ta ' ls  the code numbers f o r  the  h u l l  output var iab les ,  and the  second 

contains  the  code numbers f o r  the l i f t  propulsion u n i t  output var iables .  

Each l ist  must be terminated by a zero or negative number. Appendix D 

contains  a list of these var iab les  and t h e i r  code numbers. The order  i n  

which the code numbers appear i n  the input f i l e  determines the order  i n  

which the  var iab les  w i l l  be pr in ted  on the a r tpu t  l i s t i n g .  A var iab le  

can be requestcd twice and it w i l l  be pr in ted  twice i n  the order  i n  

which i t  is l i s t e d .  The following example rhows the input and the  asso- 

c i a t ed  output. 

f i l e  OUTLST 

Resulting 
u v W 

HULL xxx mcx xxx 

PHID THETD PSID 
LPUl xxx XXX XXX 

LPUZ xxx xxx xxx 
LPU3 xxx xxx xxx 
LPu4 xxx xxx locx 

output 
P Q R 

xxx XXX xxx 

u v W 
XXX XXI[ XXX 

~ X 1 0 ( x x x  
xxx XfOL XXX 

xxx Iocx XXX 



The program wao developed on an i n t e r a c t i v e  ryrtem with f i v e  quer- 

t i ons  t o  c ~ t a b l i s h  the  bas ic  run paramatere. The user  m o t  input the  

responp. t o  these f i v e  quest ions i n  t he  da ta  f i l e  INPUT (TAPES) a d  load 

i t  with the program. The quest ions are:  

1. "Six degree of freedom simulation? T/Ft' 

T -- The program w i l l  csnt inue a f t e r  completing 
the  t r i m  and s t a b i l i t y  derivatdvee t o  nro a time 
nis tory .  The time h i s to ry  uses the da ta  read 
from da ta  f i l e  HISDTA, a d   ill s t a r t  with t he  
last trim condi t ion calculated.  

F - The program w i l l  s t op  a f t e r  completing i ts  
trim ca lcu la t ions .  F i l e  HISDTA is not necessary 
i n  t h i s  s i t ua t i on .  

"How many trim f l i g h t  co?..ditions?" P e  answer 
must be a pos i t i ve  qsa zero i n t ege r  i n  :he f i r s t  
two rclu~nns (I2 format). This number must be 
less or  e q u l  t o  the number of sets of t r i m  da ta  
found i n  f i l e  TRMDTA. I f  the  number of t r i m  da ta  
s e t s  is more than t h i s  number, the  e x t r a  trim 
sets w i l l  be ignored. I f  there  a r e  not enough 
trim s e t s  t o  match t h i s  number, the program w i l l  
abor t  f o r  attempting t o  read beyond the end of 
f i l e .  

3. "Generation of p l o t t i n g  f i l e s ?  T/F" 

T -- A l l  output va r i ab l e s  which a r e  ca lcu la ted  
during the program run w i l l  be wr i t t en  t o  a f i l e  
(PLOT) a t  the end of each algorithm s tep .  This 
f i l e  is t o  be read by a post processor program 
ca l l ed  PPLOTF. 

F - No p l o t t i n g  f i l e s  w i l l  be wri t ten.  

4. "Do you want English u n i t s ?  T/Ftt 

T - English u n i t s  w i l l  be pr inted with the input 
var iablee.  The power requirements w i l l  be i n  
horsepower. 

F - Metric u n i t s  w i l l  be pr inted with the input 
var iab les .  The power requirements w i l l  be i n  
Kilowatts. 



NOTE: No numerical converriona are done t o  the  
input data. Thi f l a g  only cauees the  program t o  

e i t h e r  metric or  English un i t e ,  and-calcu- 
l a t e  the power appropriately.  

5. "Full header T/FW 

T -- The output l i s t i n g  w i l l  include a complete 
l is t  of the  input  parameters. 

F - Only an abbreviated form of the output list- 
ing w i l l  be pr inted.  Most of the input va r i ab l e s  
a r e  not on +'.is l i s t i n g .  A l l  output var iab les  
and ca l cu l s t ed  da t a  is included t n  t h i e  abbrevi- 
a ted  l i s t i a g .  

6. "Ariy comments? (6 l i ne s ) "  A t  t h i s  point  t he  user  
may input s ix l i neo  of alphanumeric inf  o m a t  ion. 
This i n f o m a t i o n  w i l l  be printed a t  the  top of 
the  output listing and is intended t o  allow t h e  
user  t o  record some desc r ip t i ve  comments about 
the  p a r t i c u l a r  s2mulation run. 
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Contentrr E r r ~ r  Narraeer 

Thir data  f i l e  La rupplled with the program: it ir not produced by 

the unarm It c o n t ~ i n r  a l l  e r r o r  aer rager  which may k printed by any of 

the prograar. h c h  ncrrraee i r  th ree  l i n e r  r 

2 )  ilp t o  80 charac te r r  of t h r  w a r a g e  (8AlO Fomat)  

3) Laat 40 charac te r r  of the m a r a a e  o r  a blank l i n e  
i f  not needed (4A10 Format 1. 

Tire ue(rr ahould :or t o  the  P r o p r a w r r '  H.nu.1 Error Procerrfng 

r ec t i on  i f  it ir neceorary t o  extend t h i r  f i l e .  Appendix E of t h i a  mn- 

u r l  contain8 a l i r t  of the e r r o r  twrrager and a br ief  explanation of 

each. 

Data f i l e  ERMSSC followa: 

00 1 
ABSOLUTE VALUE OF PANGLE IS CUATER THAN 112 PI. - 
002 
CONTROL COMMANU TIMES WERE NOT INPUT I N  INCREASING ORDER* - 
00 3 
CONVERGED SOLUTION OF CT AND W I N  IS INCORREC-'. - 
004 
CT AND WIN D I D  NOT CONVERGE. - 
00 5 
TVC COLUMN NUMBER EXCEEDS MAXIMUM ALLOWED. - 
006 
'fVC ROW NUMBER EXCREDS MAXIHUH ALLOWED. - 
00 7 
SRCWN WILL EXCEBD 30. - 
008 
GUSTTI I S  GREATER-EQUAL M CUSTT2. - 



009 
LCS OR SICHA IS LESS THAN ZERO. 

W n Y A l  PAGE IS 
of WoR QOAurv  

- 
010 
LENGTH OF VCTR IS NOT 6, 12, 24 OR 42. - 
01 1 
MORE THAN 20 CONTROL W D S  WERE INPUT. 

012 
NO REAL POSITIVE RCNTS WERE FUUND BY IWSL IIMPITINE. 

~ 1 3  
CURRENT AERODYNAMIC ANGLES DO NOT SATISFY ANY OF RIE W S S I B L E  CONDI- 
TIONS - 
014 
SQROOT IS  NEAR ZERO. POSSIBLE DIVISION BY ZERO. - 
01 S 
STABIT ITY DERIVATIVE WILL NOT BE CALCULATED FOR THIS nun. - 
016 
STALL REGION ANGLE 1 I S  GREATER THAN STALL REGION ANGLE 2. - 
01 7 
SOHE: OF THE STALL REGION ANGLES WERE hXGATIVE - 
018 
SOME OF THE AERODYNAMIC ANGLES OF THE TAIL ARE GREATER TtlAN P I .  - 
019 
TIME I S  GREATER W LAST COHHAND TIME UiiIf'H SHOULD BE IIE SANE AS THE 
FINAL SIMULATION TIME. 
020 
TIME I S  LESS THAN THE F I R S T  C O W D  TIME WHICH SHOULD BE ZERO. - 
02 1 
TICOM I S  GREATER-EQUAL TO TZCOM* - 
02 2 
INCORRECT INPUTS - 
02 3 
LMSL ROUTINE HAS MTURNED AN ERROR FLAG. POUTINE NAME IS THE F I R S T  
VARIABLE GIVE'' BELOW* 
024 
CDFLAG I S  NOT SET TO -1, 0 OR !. ON RETURN FROM SUBR. ITERCT. - 



025 
LESS W Y  4 ZEROS WERE FOUND BY MSL ZRPOLY - 
026 
REQUIRED TRIM CONTROL EXCEEDED AVAILABLB INTEGRATION LIMITS. IF LI)OP 
CLOSED THE INTEGRATOR WILL Bg SET XI L m I T  
02 7 
THE TIHE HAS MOVED BACK IVBT'HRR 'MAN TIiB BANMm GUST BUFFER HAS STORED 
GUST VALUES. REDUCE T W T P  ON INPUT. 
028 
TtlE TIME R€AD FROM T H I S  PIU IS LESS-EQUAL TO ZERO. TtfE TUS AND GUST 
VP,LOCITY WILL BE IGNOXED. 
029 
TEIE TIHE IS CREATER-%QUAL TO 100000. - 
030 
CONDITION FLAGS FROM TWSL ROUTINE DVERK. - 
03 1 
T I H E  INCREMENT IS LESS TIlAN ZERO - 
0 3 2  
THE LENGTH OF THE VECTOR PASSED INTO PPTURB IS NDT 6 OR 12. - 
033 
THE VALUE OF VCTRFL IS NOT VALID - 
034 
SOME OF THE INVALID STABILITY DERIVATIVES HAVE NOT BEEN FLAGGED BECAUSE 
THE ARRAY IS FULL. 
035 
THE LINEARIZATION LINEAR INCREMENTS ARE IARCE ENOUGH TO CAUSE SOME OF 
THE CABLES TO GO S U C K .  THEY ARE BEINC RESET 
0 3 7  
THE LENGTH OF THE SV VECTOR IS NOT CONSISTANT WITH TIE S I Z E  OF TH6 BLANK 
BLOCKS FOR EXTRA INTEGRATOR STATES. 
038 
THE TIMSTP OR MINSTP INPUT I S  GREATER THAN THE APPROX. PERIOD/10  AND HAY 
CAUSE NUMERICAL INACCURACIES. 
039 
LYSL DVERK WAS UNABLE TO REACH THE S P E C I F I E D  ERROR CRITERIA WITHOUT 
GOING BELOW THE MINIHUH TIME STEP. 
040 
THE FLAG FOR T H I S  SUBROUTINE WAS NOT FOUND I N  THE DATA F I L E  - 
04 1 
WAKE ANGLE 1 HUST BE LESS THAN ANGLE 2 ,  AND BOTH MUST BE BETWEEN 0 AND 
2*PI  - 



042 
SOU& OF THESE VALUES WILL CAUSE DIVISION BY ZERO. - 
04 3 
NORE THAN THE NAX NUMBER OF OUTPUT VARIABLES UERE REQUESTED. - 
044 
AN I N I T I A L  CUESS WITH LANDING GEAR I N  GROUND CONTACT AND PITCH ANGLE 
LESS THAN 1. COULD NOT BE FOUND. 
04 5 
LINEARIZATION INCREMENT COULD L I F T  ONE OF THB W I N G  CGAIIS OFF TtIH 
ROUND. IT I S  BBING RESET. 



The ou tpu t  l i s t i n g  is w r i t t e n  t o  f i l e  OUTPU'i (TAPEb). The diocua- 

s i o n  which fol lows assume8 t h e  u s e r  has  ir.put "Truett t o  t h e  i n t e r a c t i v e  

q u e s t i o n  "Ful l  Header?" ( s e e  t h e  i n t e r a c t i v e  ques t ion8  s e c t i o n ) .  If t h e  

ha8 u s e r  input  "False" i n  response t o  t h i s  ques t ion ,  t h e  ou tpu t  l i s t i n g  

w i l l  be abbrev ia ted .  While reading t h i s  s e c t i o n  of the  manual, t h e  u r e r  

w i l l  need t o  c o n s u l t  Appendix C (sample l i s t i n g o )  of t h e  User's Manual 

Appendices, (Volume I V ) .  

The l i s t i n g  s t a r t s  wi th  a t i t l e  and a block of i n f o m a t l o n  e n t i t l e d  

Run Descr ip t ion.  These s i x  l i n e s ,  d e s c r i b i n g  t h e  run which is being 

made, a r e  provided by t h e  u s e r  i n  response t o  i n t e r a c t i v e  q u e s t i o n  "Any 

Comments?" This  is followed by a complete l i s t i n g  of t h e  program i n p u t  

v a r i a b l e s .  These values  a r e  l i s t e d  wi th  t h e  v a r i a b l e  name and b r i e f  

d e s c r i p t i o n s  of each v a r i a b l e .  A more d e t a i l e d  d e f i n i t i o n  of t h e s e  

v a r i a b l e s  can be found i n  the  Programmer'= Manual Appendices. The 

s e c t i o n s  e n t i t l e d  "Geometry Inputs" through '%echanical  F l i g h t  Con t ro l  

System Constants" d e f i n e  the  b a s i c  v e h i c l e  conf igura t ion .  The v a r i a b l e s  

found i n  s e c t i o n s  e n t i t l e d  " I n e r t i a l  Vehicle S t a t e  Inputs"  through 

" S t a b i l i t y  Der iva t ive  Flags" d e f i n e  t h e  b a s i c  trim c o n d i t i o n  and sta- 

b i l i t y  d e r i v a t i v e s  mat r i ces  t o  be c a l c u l a t e d .  

Following t h e s e  inpu t s ,  t h e  r e s u l t s  of the  trim c a l c u l a t i o n s  a r e  

p r i n t e d .  The "Trim Case Number" coun t s  the  t r ims  which a r e  c a l c u l a t e d  

dur ing  t h i s  p a r t i c u l a r  run. The next s t a t ement  i n d i c a t e s  whether t h e  

trim reached a converged s o l u t i o n  o r  not .  I f  the  trim d i d  not converge, 

t h e  d a t a  p r i n t e d  he re  r e p r e s e n t s  the  bes t  s o l u t i o n  found. The trim 

a lgor i thm c o n t r o l  v a r i a b l e s  may i n d i c a t e  the  na tu re  of t h e  problem i f  

the  trim does not converge. A complete d i s c u s s i o n  of the  trim is con- 

t a i n e d  i n  S e c t i o n  5. 



The da ta  from the  t r i m  ca l cu la t ion  cons is t8  of a standard data frame 

starting with "Simulation Time", which w i l l  be a negative number. These 

negative times w i l l  count toward zero f o r  each t r i m  so lu t ion  ca lcu la ted  

( i f  there  are 3 t r i m  ca lcu la t ions ,  the  simulation times would be -3, -2, 

and -1). The da ta  which follows a r e  the  user  se lec ted  var iab les  (see 

input f i l e  OUTLST). There a r e  more than 300 var iab les  r e l a t ed  t o  t he  

h u l l  which the  user  aay request and =re than 150 var iab les  r e l a t ed  t o  

each LPU. The user  should r e f e r  t o  the  Section 2-H f o r  an  explana- 

t i o n  on how t o  choose these variables .  Appendix D at the  back of t h i s  

manual contains  a l ist of t he  ava i l ab l e  output var iab les  and t h e i r  code 

numbers. 

A t  the end of t h i s  da ta  frame the  'Tail Aerodynamic Regimes" a r e  

pr inted f o r  angle of a t tack ,  s ides l ip ,  and r o l l i n g  augle of a t tack .  

"I" ind ica t e s  p r e s t a l l  regime, 

"2" i nd ica t e s  t r a n s i t i o n  regime, 

"3" i nd i ca t e s  t he  s t a l l  regime. 

Additional messages may be pr in ted  ind ica t ing  spec i a l  condi t ions t h a t  

e x i s t  a t  t h i s  t i m e .  They include: 

1) Vortex r ing  s t a t e  condition on any propel le r  o r  
rotor .  

2)  Any maximum con t ro l  l i m i t s  which have been 
encountered (see data  f i l e  PLMDTA). 

3 )  Any pa r t s  of the vehicle  which a re  i n  ground con- 
t a c t ;  including lsnding gears,  landing gear 
frame, t a i l ,  bel ly ,  bow, or  s te rn .  

4 )  Hover cont ro l  being turned on. 

A t  the end of each t r i m  da ta  frame the s t a b i l i t y  der iva t ives ,  i f  

requested, a r e  ca lcu la ted  and wr i t t en  t o  the output l i s t i n g .  Section 6 

of t h i s  manual discusses  the  s t a b i l i t y  der ivat ives .  

I f  the user  has input a number 3 rea t e r  than 01 i n  response t o  t h e  

in t e rac t ive  question '%ow Many Trim Fl ight  Conditions?" t he  program w i l l  

read a new s e t  of t r i m  input data  from data  f i l e  TRHDTA and ca l cu la t e  a 



new trim condition. Note, the user wt have m f f i c i e n t  data blocks i n  

da ta  f i l e  T W  t o  match the number of t r ir  conditions he requests.  

The output l i s t i n g  w i l l  repeat  a l l  the information f r a a  " I n e r t i a l  Vehi- 

c l e  S t a t e  Inputs" through the  S t a b i l i t y  Derivatives as well u, the  new 

t r i m  ca l cu la t ion  resu l t s .  

I f  the user  hae input False  t o  the i n t e r a c t i v e  quest ion "Time His- 

tories?' '  the program w i l l  nw stop. I f  the user  input  True, the  program 

w i l l  read the t i m e  h i s to ry  data  from f i l e  HISDTA and write t h a t  da t a  t o  

the output l i s t i n g .  That da ta  includes "Flight Control System Configu- 

rat ion,"  "Time History Prof i le , "  ''Gust Inputs," and "Computer Algorithm 

Time Steps Input ." 
Following the input of the  above data ,  the program dl1 pr in t  a data  

frame a t  time 0.0 (i.e., before doing any time In tegra t ion) .  This out- 

put should be the same a s  the t r i m  data  frame (ti= -1.0), except f o r  

var iab les  re la ted  t o  time dependent inputs.  For example, i f  the user  

has input a gust s t r i n g  with a nonzero gust a t  time 0.0, the  gust value 

pr inted w i l l  not be 0.0, and the forces  r e l a t ed  t o  the  wind w i l l  be d i f -  

f e r en t  than the t r i m  values. Similar ly,  i f  the user  has input a f l i g h t  

cont ro l  command which is d i f f e r e n t  than the t r i m  con t ro l  a t  time 0.0, 

the f l i g h t  cont ro l  system w i l l  alter the  coamands, and r.onseguently, 

there w i l l  be changes i n  the r e su l t i ng  forces  a t  time 0.0. Test com- 

mands can a l s o  have the same e f f ec t .  I n  a l l  these cases  the inputs  can 

a l t e r  the forces  but they cannot change the vehicle  pos i t ion  o r  veloci-  

t i e s  a t  time 0.0. They w i l l  cause the vehicle  t o  immediately begin mov- 

ing away from the t r i m  condi t ion when the in t eg ra t ion  begins. 

After  pr in t ing  the sime 0.0 da ta  frame, the program in t eg ra t e s  the 

vehicle  s t a t e s  forward i n  time u n t i l  reaching the user  input p r i n t  time 

step. The data  frame is again pr in ted  and the  process is repeated v n t i l  

reaching the simulation time. The program then stops. 

I f  t h e  program encounters an e r r o r  condition a t  any point i n  the 

simulation, a message is pr in ted  immediately. Consequently, the e r r o r  

occurred during the following, not the preceding da ta  frame ca lcu la t ion .  

If an e r r o r  message appears,  the user  should consul t  the  Error  Process- 

ing sec t ion  of t h i s  manual. 



If the  user  e n t e r s  True i n  responre t o  the  i n t e r a c t i v e  quest ion 

"Plot t ing Files?",  a binary format f i l e  (PLOT) w i l l  be created with a l l  

of the  output var iab le  names and values. This data  is wr i t t en  a f t e r  

every tria ca l cu l a t i on  and a t  every algorithm (TIMSTP) s t e p  (not  t he  

p r i n t  s tep ;  see Section 2-F) during the time h i s to ry  nm. Therefore,  

t he  p l o t t i n g  f i l e  w i l l  contain much more da ta  than the output l i s t i n g .  

A l l  output da ta  generated by the program (see Appendix D) are w r i t t e n  on - 
the  p l o t t i n g  f i l e .  The code numbers i n  f i l e  OUTLST do not e f f e c t  t he  

var iab les  wr i t t en  t o  the  p l o t t i n g  f i l e s .  Figure 10 i l l u s t r a t e s  t he  

s t r u c t u r e  of the p l o t t i n g  f i l e s .  

The f i l e  s t a r t s  ,wi th  the program I D  ind ica t ing  which program gener- 

a ted  the f i l e .  Following tha t ,  t he  J u l i a n  date ,  and then a record 

containing the  number of h u l l  var iab les  and the  number of LPU va r i ab l e s  

a r e  l i s t e d .  Following the above three  records, the data  f i l e  ray  vary. 

Programs HLASIM and HLAMOR generate  i d e n t i c a l  da ta  f i l e s  ( l e f t  column). 

Program HLAPAY generates  a f i l e  with the same s t ruc tu re ,  but i n t e r spe r -  

s e s  the  payload da ta  with the vehicle  data  ( r i gh t  column). 

During the  t r i m  ca lcu la t ions ,  the  payload da ta  is wr i t t en  f i r s t .  

(Note, trim ca l cu l a t i ons  a r e  indicated by negative time). I f  there  is 

more than one ' r i m  ca lcu la t ion ,  the times w i l l  count a s  negative numbers 

going toward zero. A t  the  l a s t  block of t r i m  data  (time equal t o  -1.0) 

the var iab le  names are pr in ted  out following the var iab les  f o r  both t he  

payload and the vehicle.  

k t  t h i s  point we en t e r  the time h i s to ry  s ec t i on  of the program. I f  

the  user  did not run a time his tory ,  then, oi course, the remainder of 

the data  f i l e  w i l l  not ex i s t .  Immediately following the var iab le  names, 

the program algorithm time s t e p  and the t o t a l  s imulat ion time is writ- 

ten. Then, the  da ta  f o r  each time frame of the time h i s to ry  is wr i t t en ;  

the time is l i s t e d  f i r s t  followed by the var iables .  This is repeated 

f o r  every algorithm s t e p  u n t i l  the end of the simulation. The W A Y  

time h i s td ry  data  has the vehic le  data  wr i t t en  before the payload da ta  

( t he  opposite of the trim). 



Repeated f o r  
mult iple  
trims, u n t i l  
t i m e  = -1.0 

Program I D  - HLASIW, HWXOR, o r  W A Y  
Date ( Ju l i an )  
Number of h u l l  var iab les ,  nunbar of LPU var iab les  

Program I D  HLASLn o r  H U M O R  Program I D  W A Y  

Number of Payload va r i ab l e s  
a d  number of cab le  var iab le r .  

~ i m  (Negative duriag Trim) 

Payload va r i ab l e s  

Cable var iab les  

(When Tima = -1.0) 

Payload va r i ab l e  names 

Cable var iab le  names 

Time (Negative during Trim) Time (Negative during Trim) 

Hull va r i ab l e s  Hull va r i ab l e s  

LPU var iab les  LPU var iab les  

(When Time = -1.0) 

Hull  var iab le  names 

LPU var iab le  names 

(When Time - -1.0) 

Hull var iab le  names 

LPU var iab le  names 

Algorithm time s t e p  and t o t a l  Algorithm time s t e p  and t o t a l  
s imulat ion time 8imulation time 

Only i f  Time 
His tor ies  Time (pos i t i ve  during time Time (pos i t i ve  during time 

h i s t o r y )  
Repeated f o r  
each algor- H u l l  va r i ab l e s  
ithm s t e p  LPU va r i ab l e s  

h i s to ry )  

Hull var iab les  

LPU va r i ab l e s  

Time (pos i t i ve  during time 
h i s t o r y )  

Payload var iab les  

Cable va r i ab l e s  

Figure 10. Format of the  Binary P lo t t i ng  F i l e  (PLOT) 



Thir p lo t t i ng  f i l e  ir  t o  be uaed by a port  procerror  which generate8 

f i l e r  appropriate  t o  the urer ' r  p l o t t i n g  equipmant and roftware. The 

va r i ab l e  names a r e  wr i t t en  i n  the  8aw order  a8 the vr r iab lea ,  a l l o w i ~  

them t o  be paired by ure  of a r r ay  r u h c r i p t s .  Appndix D containa t h e  

va r i ab l e  mmer and the  code numberr. By u t c h l w  var iab le  tuner and 

va r i ab l a r ,  and using the  time (neaat ive f o r  trim, p o r i t l m  f o r  tin hi r -  

t o ry )  the port  procesror can r o r t  the data. 

As  pa r t  of the implementation of t h i r  p ro jec t  on the  NASA/Amr 

7600/Scope System, a port procearor ir kiqj ruppl ied t o  generate  plot-  

t i n g  f i l e s  of the time h i r t o r y  da ta  (see Sec t i aa  9 of t h i r  manual). The 

user  may wish t o  wr i t e  a poat processor which w i l l  conr t ruc t  p l o t t i n g  

f i l e s  f o r  p l o t t i n g  sets of trim aolut iona i n  a mannat s imi l a r  t o  t he  

time h i s to ry  post processor. 



The trim algori thm i e  a general ized recant  schema which i t e r a t e 8  

u n t i l  cont ro ls  a r e  found which reduce the  accalerat'.ons below the  t r i m  

tolerance.  The trimmer m n i p u l a t e e  s ix  general  con t ro l s  i n  searching 
* 

f o r  the converged eolut ion.  They are:  

UDCNTL - x-direct ion con t ro l  

VIiCNTL - y-d i rec t ion  con t ro l  

WDCNTL - z -d i r ec t i on  con t ro l  

PCONTL - r o l l  con t ro l  

QCDNTL - p i t ch  con t ro l  

RCONTL - yaw con t ro l  

The l i m i t s  are:  

Maximum I t e r a t i o n s  - 200 

Maximum Res ta r t s  6 

Maximum Trim Tolerance = 10" (Convergence C r i t e r i a )  

The " I te ra t ions"  a r e  a count of the number of trim algori thm passes 

used i n  converging t o  the  so lu t ion .  The '!Restarts" a r e  a count of the  

number of times the trim algori thm was r e s t a r t e d  because it encountered 

a l o c a l  so lu t ion  which did not conform t o  convergence requirements 

(1 .e., " local  minimum"). The trim is stopped when the  convergence c r i -  

t e r i a  is s a t i s f i e d  (converged), o r  the maximum allowable i t e r a t i o n s  or  

r e s t a r t s  is exceeded (i.e., eo lu t ion  not converged). The convergence 

c r i t e r i a  is a measure of the trimmed acce l e r a t i on  of the vehicle.  The 

trim algorithm is based on f ind ing  con t ro l s  which zero a l l  a cce l e r a t i ons  

* 
While readjng the following discussions the user  should r e f e r  t o  

the sample output l i s t i n g s  i n  Appendix C. 



ac t ing  on the vehicle  f o r  the i n i t i a l  conditions spec i f ied  by the user  

on input f i l e  TRMDTA. 

The 'Trim Controls" a r e  the  s i x  l inked cont ro ls  which achieve the 

convergence c r i t e r i a  f o r  a r p e c i f i c  f l i g h t  condition. The following s e t  

of f l a g s  count various e r r o r  conditions t h a t  l ~ r y  occur during the t r i m  

calculat ions:  

TTHER - The number of times the co l l ec r ive  p i t ch  on 
each rc -or  exceeded the  user input l i m i t s  (data  f i l e  
PLMDTA) . 
TTHEP - The number of times the co l l ec t ive  p i t ch  or. 
each propel le r  exceeded the user  input liaits (data  
f i l e  PWDTA) . 
TAlSR - The number of times the l a t e r a l  cont ro l  ax i s  
de f l ec t ion  on each ro to r  exceeded the  user  input  
l i m i t s  (data  f i l e  PLMDTA). 

TBlSR - The t~umber of times the longi tudina l  c y c l i c  
p i t ch  angle on each ro to r  exceeded the user  input 
l i m i t s  (data  f i l e  PLMDTA). 

SNGMTX - The number of times the t i  a l?c t i thm 
encountered s ingular  matrices.  

AILERON - The number of t i m t s  the a i l e r c n  con t ro l  
exceeded the user  input l i m i t  (data f i l e  PLMDTA) . 
ELEVATOR - The number of times the  e leva tor  contr  ' 
exceeded the user input l i m i t  (data  f i l e  PLMDTA). 

RUDDER - The number of times the rudder cont ro l  
exceeded the user  input lidt (data f i l e  PLMDTA). 

Note, the four numbers under the ro tor  and propel le r  elements r e f e r  t o  

LPUs 1-4 respect ively.  

These f l ags  w i l l  sometimes ind ica te  the nature of the problem i f  the 

trim does not converge, i.e., 

THEP 0 58 0 52 

ind ica tcs  the trimmer was asking f o r  more than the maximum c o l l e c t i v e  

p i tch  on LPU propel le rs  2 and 4 (yaw con t ro l )  e5an ava i l ab l e  (THEPNX i n  

data f i l e  PLMDTA). 



Following each t r i m  so lu t ion ,  s t a b i l i t y  de r iva t ives  w i l l  be calcu- 

l a t e d  upon request and printed. The s t a b i l i t y  de r iva t ive  output begins 

with a header which descr ibes  the  basic  form of the matr ix  equation t h a t  

generated the s t a b i l i t y  der iva t ives .  There a r e  four  b a s k  matr ices  and 

four  a u x i l i a r y  matr ices  ( t he  user  has the opt ion t o  choose any or  a l l  of 

t he  matrices,  see da ta  f i l e  TRMDTA). These matrices are generated by 

the  forward-backward d i f fe rence  scheme on each of the  elements of the  

vehicle  s t a t e  vector ,  the ind iv idua l  cont ro l  elements, the  l inked con- 

t r o l s ,  and the g u s t  values a t  each vehic le  component. The four  matr ices  

a r e  : 

1)  A Matrix - The A Matrix is generated by perturb- 
ing each of the elements of the  s t a t e  vector.  

2)  The B' Matrix - The B' Matrix is generated by 
per turbing each of the  s i x  l inked controls .  

3) The B Matrix - The B Matrix is generated by per- 
turbing each of the cont ro l  elements on the four  
LPUs ( r o t o r s  and prope l le rs )  as wel l  as the  th ree  
t a i l  controls .  

4 )  The C Matrix - The C Matrix is -nerated by per- 
turbing each of the gust  values on the vehic le ,  
t a i l ,  and the four  LPUs. 

Along with the bas ic  s t a b i l i l t y  der iva t ive  matrices,  a e e t  of auxi l -  

i a r y  matrices a r a  generated, based on the cons t ra in t  forces  between the 

vehicle  and the four  LPUs. These matrices,  A Auxiliary,  B' Auxiliary,  B 

Auxiliary,  and C Auxiliary,  correspond with the A, B', B and C Matrices. 

I n  the p. ocess of ca l cu l a t i ng  these matrices the program checks f o r  

s t rong not i l inear i t l es .  Foliowing the matrices,  the program lists those 

elements of the matr ices  where non l inea r i t i e s  were detested.  It p r i n t s  

the de r iva t ive  a t  the pos i t i ve  increment and the negative increment of 

the forward-backward scheme so  the user  can see the nature  of the non- 



l i n e a r i t y .  Figure 11 i l l u s t r a t e s  the th ree  der iva t ives  i n  r e l a t i o n  t o  

the farward/backward nor turbat ions.  

The eigenvalues and normalized eigenvectore ( r e a l ,  imaginary p a r t r )  

a r e  then pr inted.  The normalized eigenvectors a r e  pr in ted  i n  colurma 

d i r e c t l y  below the corresponding eigenvaluee. The IMSL performarce 

ind. ..< is an ind ica t ion  of the  accuracy of the:)e values. A perfornrnce 

in(  ex below 1.0 ind ica tes  the  accuracy is excel lent .  An index between 

1.0 and 100, ind ica tes  t h a t  the  accuracy is good, and ind ices  g rea t e r  

than 100 ind i ca t e  poor accurazy. The user  is refered t o  the IMSL Manual 

(subroutine EIGRF) f o r  a more de t a i l ed  explanation of t h i s  perf ormence 
I 

index. 

F ina l ly ,  f o r  the user 's  information, the  per turoa t ion  i t .  -ements 

which were used i n  the  ca l cu l a t i on  of the  s t a ' i l i t y  de r iva t ives  a r e  

pr inted.  These increments are set i n t e r n a l l y  i n  the program (subroutine 

INTIPL 2 .  



w- -- 
Backward and For ward 
Perturbation Incremer\ts 

Po - Initial values 

P, - Result of negative perturbation 
P2 - Result of positive perturbation 

Slope dl  - positive inclement derivotive printed with nonlinear 1 Slope d2 - Negative increment derivative element 

Slope do - Derivative val,.cs in stability derivative rrotrix 

If Id2-dl 1 2 0.3 do the element will be flagged as invalid 

Figure 1 1 .  Stab i l i t y  Cerivat ive Calculation Algorittun 



There a r e  aeveru l  d i f f e r a n t  cond i t ion8  which c*use t h e  p r o a r u  t o  

p r i n t  a n  e r r o r  maraage. They are: 

1. User e r r o r s  - There could be i n v a l i d  l - \pu t s ,  
numbers which may caure  d l v i s i o t ~  by t e r o ,  o r  
o t h e r  va lues  which t h e  proyram detar9ainer a n  
i n v a l i d  f o r  t h a t  p a r t i c u l a r  va r i ab le .  

2. Modal e r r o r  cond i t ion8  - Condit ion@ wi th  which 
t h e  program models have not been deuigned to 
cope. They may not n e c e a s r r i l y  be wrow,  but 
only t h a t  t h e  proyram i e  unable t o  d e a l  wi th  
them. 

1. Condition* of p a r t i c u l a r  i n t e r e s t  - There a r e  
c o n d i t i o n s  which may be of i n t e r e s t  t o  the compu- 
t e r  programmer o r  the  eneinaer .  

Theso cond i t ions  may o r  may not cause  the  p r o ~ r u n  t o  s top .  I f  the con- 

d i t i o n  does not i n v a l i d a t e  t h e  c a l c u l a t i o n e ,  the  program is allowed t o  

continue.  The e r r o r  marsayas a r e  inpu t  aa d a t a  i n t o  t h e  program and a r e  

supp l i ed  wi th  tha  program ( s e e  input da ta  f i l e  W S S C ) .  Appendix L 

l ists  the  a r r o r  messages which m y  be p r i n t e d  wi th  an  ex? lana t lon  of 

what they man and sugges t ions  f o r  r e c t i f y i n g  t h e  problem. 

A t y p i c s l  e r r o r  message c o n a i s t a  of a l i r e  of a t a r r ,  followed by a  

one l i n e  e r r o r  mulasage, tho subrou t ine  new vhich d e t e c t e d  t h e  e r r o r ,  

and up t o  throe  va r i ab leo  wi th  t h e i r  present va lues  from t h a t  aubrou- 

t i n e .  These v a r i a b l e s  should  prove u s e f u l  i f  tt is neceaoary t o r  t h e  

uaa r  t o  conoul t  the  program code t o  ascertain the  c a u w  of the  e r r o r .  

The fol lowing example shows tha  format nf th6 a r t o r  message. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * a  

22 INVALID INPUTS 
SUBROUTINE I N M O  
NETAlT - .6981E+00 
BETAZT - .523bEWO 



In this  particular case the input routine INWRO has detected that 

BETAlT i e  not l e s s  than BETA2T as it should be. "22" is the error rcs- 

sage code number (see data f i l e  ERXSSC). 



This program models the  same vehic le  as program W I H .  It has, i n  

addi t ion ,  the models of a s lung payload and supporting ( e l a s  t ic)  cables.  

The payload and cable  models were developed on an e n t i r e l y  s epa ra t e  pro- 

gram. HLAPAY contains  both the  program HLASIW and the  payload-cable 

program. They i n t e r a c t  through the  cable  forces.  The user  should keep 

t h i s  modularity i n  mlnd while c r ea t i ng  h i s  da ta  f i l e  and studying the  

output from t h i s  program. The reasons f o r  implementing these  models i n  

t h i s  way are:  

1)  It allows f o r  a modular development and debugging 
of the  program. 

2)  W i l l  allow fu tu re  a l t e r a t i o n s  of e i t h e r  the  pay- 
load o r  vehic le  t o  be implemented and t e s t e d  
separa te ly  before being put together  a s  one pro- 
gram. 

It is expected t h a t  the user  has a l ready used and has a good under- 

s tanding of program HLASIM before at tempting t o  use program HLkvAY. 

Consequently, i n  t h i s  s ec t i on  of t he  manual t he re  w i l l  be no discussion 

of the use of program HLASIM. We present  here  a de t a i l ed  desc r ip t i on  of 

the add i t i ona l  inputs  and considerat ions necessary t o  study and use pro- 

gram HLAPAY. The payload model cons i s t s  of: 

1) A payload module and a cable  module. 

2 )  Input subrout ines  which read and then wr i t e  t o  
t he  output l i s t i n g s  a l l  the  payload r e l a t e d  
inputs.  

3) A payload t r i m  module which uses the  same algo- 
r i thm as the vehic le  and determines a payload 
o r i en t a t i on  which is cons is ten t  with the vehic le  
t r i m  f l i g h t  conditions.  



4) A umdule t o  ca l cu la t e  the payload s t a t e  vector  
de r iva t ive  which is used both by the  trimmer and 
by the in t eg ra to r  during the  time history.  

The combined t r i m  is achieved by e s t ab l i sh ing  the payload trim con- 

d i t i o n s  cons is ten t  with the  vehicle  t r i m  input  f l i g h t  conditions.  The 

payload o r i en t a t ion  is then ca lcu la ted  t o  meet the  payload t r i m  condi- 

t ions.  On completing t h i s ,  the  values of the  cable  forces  a r e  passed t o  

and become par t  of the vehic le  t r i m  calculat ions.  

The vehicle  t r i m  is based on f inding commands (6 l inked coaaands) 

which w i l l  balance a l l  forces  ac t ing  on the vehicle  and r e s u l t  i n  no 

acce lera t ions  a t  the  user  input  f l i g h t  conditions.  The payload t r i m  

uses the  same algorithm, but a t tempts  t o  f i nd  a pos i t ion  ( l i n e a r  and 

angular) where a l l  forces  a r e  balanced. The acce lera t ions  w i l l  be con- 

s i s t e n t  with the hull/payload r i g i d  body motion determined by the vehi- 

c l e  t r i m  f l i g h t  conditions.  

The s t a b i l i t y  der iva t ive  matrices include both the  vehicle  and the 

payload s t a t e s .  A de t a i l ed  discussion of t he  s t a b i l i t y  de r iva t ives  is  

i n  Part  E of t h i s  sect ion.  The time h i s to ry  in tegra t ion  loads the pay- 

load and vehicle  s t a t e  vectors  i n t o  one vector  and in t eg ra t e s  them for-  

ward together.  During the time h i s to ry  ca lcu la t ions ,  the  cable  spr ing  

and damping forces  a r e  the "e las t ic"  cons t r a in t s  which cont ro l  the pay- 

load pos i t ion  below the vehicle.  

B. VgBXCLE-PA- INPUT MTA IPILBS 

1. Data F i l e s :  Q¶DTA, 15&dTA, IPCDTb, PIiMDTA, 
TBCZDTLL, and BISDTA 

These data  f i l e s  a r e  used jus t  a s  i n  program HLASIM. 

PAYDTA contains a l l  the basic  payload data  including: g e o e r r y ,  

mass, aerodynamic and time h i s to ry  variables .  (There a r e  no i n t e r -  

.ence e f f e c t s  on the payload). These inputs  a r e  l i s t e d  i n  Appendix A 

a 'he user  w i l l  have t o  r e f e r  t o  the  Technical Manual f o r  the deriva- 

t i o n  i)r :he engineering constants.  The form of the data  very c lose ly  



p a r a l l e l s  t ha t  of the vehic le  and LPUs. The payload inputs  are similar 

t o  the hu l l ,  and the inputs  f o r  the  f z  . cables  a r e  similar i n  format t o  

the  inputs  f o r  the  four  WUs. For m a t  of these inputs ,  the  descrip- 

t i o a s  given i n  Appendix A and i n  the  Technical Manual are s u f f i c i e n t .  

Only inputs  which have s p e c i a l  considerat ions w i l l  be discussed here. 

Figure 12 i l l u s t r a t e s  the four cable pocritions with reepect t o  t he  

payload and the  vehicle.  Note, t ha t  "attach point  1" on the  h u l l  

(RATHP1) must correspond with "at tach point 1" on the  payload (RPTCH1) 

and those a t t a c h  poin ts ,  by d e f i n i t i o n ,  a r e  connected by "cable 1" (no 

crossed cables  allowed). 

The user  m y  e l imina te  any of the four cables  i n  a mnner  similar 

with the  landing gears.  To zero off any cable,  t he  spr ing  constant  

(CABLK) f o r  t ha t  p a r t i c u l a r  cable  should be set t o  0.0. The program 

w i l l  then ca l cu l a t e  the  force exerted by t h a t  p a r t i c u l a r  cable  t o  be 

zero, e f f ec t i ve ly  removing i t  from the  model. The geoaaetry inputs  f o r  

t ha t  cable  must s t i l l  be i n  the  f i l e  but w i l l  not a f f e c t  the  calcula-  

t ions. 

The r e s t r i c t  ions on the payload cable geometry a r e  : 

1) A l l  the cable  a t t a c h  points  on the  payload may 
not a l l  be on a common l i n e  segment t h a t  i n t e r -  
s e c t s  the  payload center-of -gravity. This condi - 
t i o n  cannot be trimmed. 

2) I f  the r e l a t i v e  ve loc i ty  i n  x-y plane or  NUVP is 
zero, a l l  the  a c t i v e  cables  must not b~? at tached 
to  the same point on the vehiclc  ox pnyload a s  
t h i s  removes a l l  yaw cont ro l  and can not be 
triamed. 

3) The user  must insure  t h a t  none of the a c t i v e  
cables  (CABLK non-zero) w i l l  be s lack  at the  t r i m  
posi t ion.  The trimmer denurnds t ha t  a11 a c t i v e  
cables  have some tension i n  them. 

4 )  "Cable 1" must connect "Hull a t t ach  point 1" with 
"Payioad a t t a c h  point l", and s imi l a r ly  f o r  
cables  2, 3 and 4 (i.e., No crossed cables).  

These r e s t r i c t i o n s  a r e  i l l u s t r a t e d  i n  Fig. 13. 
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FRONT VlEW OF POOR QUALITY 

pigur= 13. Illegal Cable Geometries 

Restriction 
4 



The cables  (modeled a s  spr ings  and dampers) cause t he  t r i m  

ca l cu l a t i on  t o  be much more d i f f i c u l t  than t h a t  f o r  the vehicle .  The 

user 's  choice of a  cab le  geometry and spr ing  s t i f f n e s s  and dampi.?g 

constants  may sometimes cause the  trimmer t o  f a i l  t o  converge. These 

condi t ions a r e  not p red ic tab le  i n  t h a t  they arise from numerical 

problem involved with the  trim algorithm. There may be cases where t he  

user  may f ind  it impossible t o  model a c e r t a i n  geometry. Figures 14, 15 

and 16 includes those geometries which have been imp1eaen:ed 

success fu l ly  during program development. 

The payload (1-minus-cosine) gus t s  a r e  input  i n  the  same manner a s  

those f o r  the vehicle  (see namelist  NPYGCOM). The payload gus t  s t r i n g s  

a r e  s l i g h t l y  d i f f e r en t .  The payload gust  s t r i n g s  are turned on by the  

f l a g  PGSTFL s imi l a r  t o  the  vehicle ,  but payload gus t  s t r i n g s  a r e  read 

from two f i l e s .  The. user  should read the  s ec t i on  on the input  f i l e s  RG5 

and RG6 f o r  a  desc r ip t i on  of these f i l e s .  The l i n e a r  v e l o c i t i e s  a r e  

read f  rom 2G5, and angular v e l o c i t i e s  from RG6. These l i n e a r  and angu- 

l a r  ve loc i ty  vectors  a c t  a t  the  payload aerodynamic reference cen te r  and 

a r e  scaled by the va r i ab l e s  PGVSCF ( l i n e a r  gus t s ) ,  and POGSCF (angular  

gusts) .  

The namelist NINDPST contains  a  s e t  of var iab les  which a r e  used d i f -  

f e r e n t l y  than the  o ther  input  var iab les .  These var iab les ,  which a r e  

o r i en t a t i on  per turba t ions  away from the ca lcu la ted  payload trim condi- 

t ion ,  a r e  appl ied a t  the beginning of the ttw h i s to ry  (time = 0.0). 

These inputs allow the  user  t o  d i sp lace  the ~ :~yToad  from i ts  t r i m  condi- 

t i on  and study the r e su l t i ng  ac t i ons  oZ tbe zoupled vehiclelpayload 

sys  tern during the time h is tory .  The payload per turba t ion  va r i ab l e s  a r e  : 

DVPYLD - The displacement from the payload t r i m  velo- 
c i t y .  

DHRPYL - The d i sp i aceme~r  from the payload t r i v  loca- 
t ion .  

DPYELR - The displacement from the p a y l ~ a d  trlm Euler 
r a t e s .  

DPYEUL - The displacement from the payload trim Euler 
angles.  
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SNRPTCH 
RPTCHl = 
RPTCH2 = 
RPTCH3 = 
RPTCH4 = 
SEND 
SNRATHP 
RATHP1 = 
RATHP2 - 
RATHP3 - 
RATHP4 = 
$END 
$NUSCLTH 
USLTHl = 
.USLTH2 = 
USLTH3 = 
USLTH4 = 
SEND 
SNRPAYCG 
RPAYCG = 
SEND 

SNCABLK 
CABLKl = 
CABLK2 = 
CABLK3 = 
SEND 
SNCABLC 
CABLCl = 
CABLC2 = 
CABLC3 = 
CABLC4 = 
SEND 

F i g u r e  1 4 .  Cable configuration 1 (Inverted "V" and 
F r o n t  L o w e r  t h e n  t h e  R e a r )  



$USLTH 
USLTHl = 
USLTH2 = 
USLTH3 = 
USLTH4 = 
$END 

$NRPAYCC 
RPAYCG = 
SEND 

Figure 15. Cable Configuration 2 (Four fhbles) 
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SNRPAYCG 
RPAYCC = 0.0, 0.0, 0.0, 
SEW 

SNCABLK 
CABLKl = .9643E+04, 
CABLK2 = 0.0, 
CABLK3 = .9643E+04, 
CABLK4 = 0.0, 
SEND 

SNCABLC 
CABLCl = 0.3096E+03, 
CABLC2 0.0, 
CABLC3 = 0.3096E+03 
CABLC4 = 0.0, 
SEND 

Figure 16. Cable Configuration 3 (Bifi lar Cables) 



3. D8ta Fi le :  P Y m  

Data f i l e  PYOUTL contains  t he  two lists of code numbers f o r  payload 

output var iab les .  This da ta  f i l e  is i d e n t i c a l  i n  format with data  f i l e  

OUTLST. Each list of pos i t i ve  numbers is terminated by zero or  a nega- 

t i v e  number. The f i r s t  l i s t  contains  the  code numbere of the  payload 

var iab les ,  and the  second contains  code numbers of the  cable  var iab ies  

t o  be pr inted.  The cab le  va r i ab l e s ,  l i k e  those of the  LPUs, w i l l  be 

pr in ted  i n  groups of four ,  one value f o r  each of the  four  cables  under 

the  var iab le  name. 

These two data  f i l e s  have the  same format a s  RG1-RG4. Each l i n e  of 

the data  f i l e  contains  four  numbers. The f i r s t  number is the  time and 

the  following three  numbers a r e  the  gust  source vector  f o r  t h a t  t i m e .  

Data f i l e  RG5 contains  l i n e a r  gust v e l o c i t i e s  a t  the payload aerodynamic 

reference center .  RG6 inputs  conta ics  angular gust  v e l o c i t i e s  a t  the  

payLoad aerodynamic reference cen te r .  Payload gus ts  s t r i n g s  a r e  d i f -  

f e r e n t  than the vehic le  gust s t r i n g s  i n  t h a t  they a r e  appl ied d i r e c t l y  

t o  the payload, without s p a t i a l  in te rpola t ion .  This requi res  angular  

v e l o c i t i e s  t o  be input ,  not ca lcu la ted ,  hence the need fo r  RG6. A s  

before, i n t e rpo la t i on  is used t o  ob ta in  the gust values a t  the appro- 

p r i a t e  s imulat ion time, and coordinate  t r a n e f o m t i o n s  convert the input  

da ta  t o  the payload reference axes. 

The reference cen te r  f o r  these gus t s  l i k e  the vehic le  t r a n s l a t e s  

with the payload, but i t  does not r o t a t e  with t he  payload. Conse- 

quently,  the gus t s  input i n  f i l e  RG5 and RG6 a re  i n  terms of the iner -  

t i a l  reference a x i s ,  although t h e i r  c en t e r  ia ' rane la t ing  with the  

payload. The gust  values being input a t  the vehic le  sources a r e  not 

in te rpola ted  down t o  t he  payload nor a r e  the  payload gust values i n t e r -  

polated up t o  the vehicle.  

5. Data Pi le :  INPUT (TAP85 I n t e r a c t i v e  Queetfons) 

The l a t e r a c t i v e  quest ions f o r  the payload program a r e  the same a s  

those f o r  the  main program (HLASIM). 



C m  PEOCRAH W A Y  OUTPUT 

The output l i s t i n g  f o r  t h i s  psogrem contains eli the input values 

f o r  program HLASIM a s  well- as the payload module. Appendix C a t  t he  

back of t h i s  manual contains  a  saep ie  output l i s t i n g  (Appendix B con- 

r a in s  the corresponding input ddta f i l e s ) .  

Following the l is t  of input values,  the  payload trim condi t ions a r e  

printed. The "Payload Trim Case Number" is a  counter of the  t ~ n s  being 

ca lcu la ted  (e imi la r  3 HLASIMj. The t r i m  algorithm cont ro l  is pr in ted  

next, ind ica t ing  the converged so lu t ion  o r  the  best guess acnieved dur- 

in6  h e  t r i m  cs iculat , ions.  

The payload trim algorithm is the same as tha t  fo r  HLASIM, and the 

meaning of " I t e r~ t ' i ons" ,  "Restarts", and "Convergence Cr i t e r i a "  a r e  t h e  

dame. The var jab le  HRFYLC is the vector ind ica t ing  the payload loca t ion  

r e l a t i v e  t o  thlz h u l l ,  and the  th ree  var iab les ,  PAY PHI, PAY THETA and 

PAY PSI a r e  the th ree  Euler angles of the payload. These s i x  numbers 

a r e  the payload t r i m  cont ro ls  ~ h i c h  a r e  ca lcu la ted  during payload t r i m .  

During the payload t r i m  c a l cu l a t i on ,  there  a r e  two condi t ions 

exrcountered which a r e  flagged a s  model e r ro r s .  The pos i t ion  l i m i t ,  

HRPLFL, ind ica tes  t h a t  a  guess f o r  the payload pos i t ion  v io la ted  t he  

condi t ion t ha t  & I 1  a c t i v e  cables  must have some tension f o r  a  v a l i d  

t r i m .  This p a r t i c u l a r  var iab le  is  of ten  flagged a  few times during the  

t r i m  ca lcu la t ion  and does not i nd i ca t e  there  is anythin3 wrong. I f  t he  

t r im f a i l e d  t o  converge and t h i s  var iab le  is a  la rge  number, then the  

user geometry is probably sucl, t ha t  one of the cables  is carrying very 

l i t t l e  weight and t r i m  guesses f requent ly  came8 it t o  be s l ack  

( r e s t r i c t i o n  2, S e c t i ~ n  7-B2). This can be remedied by a l t e r i n g  the  

cable  geometry s l i g h t l y .  The second e r r o r  condi t ion,  i ad ica ted  by 

counter PSNGMT, is a  s ingular  matrix. A l a rge  number f o r  PSNGMT during 

n f a i l e d  trim ca l cu l a t i on  of ten  ind ica tes  v io l a t i on  of or near v i o l a t i o n  

of payload geometry r e s t r i c t i o n s  1 or  2. 



Following t h i s ,  t h e  v a r i a b l e s  a r e  p r in ted .  The t i m e  i n d i -  

ca ted here  is a negat ive  number and f u n c t i o n s  i n  t h e  rame manner ar t h e  

time does f o r  the  veh ic le  ( i t  w i l l  be the  same time a s  the  corresponding 

veh ic le  trim). The v a r i a b l e s  p r l z t e d  are those  v a r i a b l e s  t h e  u s e r  has  

chosen through the  input  data f i l e ,  PYOUTL. 

The veh ic le  trim d a t a  f o l l ~ w s  t h e  payload da ta .  This o r d e r  i n d i -  

c a t e s  t h e  o rder  of the  trim c a l c u l a t i o n s .  The u s e r  should c o n s u l t  

Sect ion 3 and 4 f o r  a d i scuss ion  of the  v e h i c l e  t r i m .  

Program HLAPAY w i l l  genera te  a p l o t t i n g  f i l e  (PLOT) con ta in ing  a l l  

t h e  output  datg. The p l o t  f i l e  has s t r u c t u r e  similar with  t h s  f i l e  gen- 

e r a t e d  by program HLASIt1. The post-processor PPLOTF ( p a r t  of the  Heavy- 

L i f t  Ai r sh ip  Simulation package) w i l l  read t h i s  f i l e  and produce time 

h i s t o r y  f i l e s  compati?le wi th  NASA/Ames p l o t t i n g  software.  This f i l e  is 

descr ibed i n  d e t a i l  i n  Sect ion 3-5 and 9 of t h i s  manual. 

The p a y h a d  trim is much more d i f f i c u l t  than the  v e h i c l e  t r i m .  Th i s  

is caused p r imar i ly  by the  s p r i n g s  t h a t  a r e  modeled i r  t he  cab les -  The 

user 's  - ab le  geometry has a l a r g e  e f f e c t  on t h e  t r i m .  If  the  trim w i l l  

not converge f o t  a p a r t i c u l a r  geometry, t h e r e  a r e  s e v e r a l  t h i n g s  which 

should be t r i e d :  

1) Insure  t h a t  norre of t h e  cab le  geometry r e s t r i c -  
t i o n s  a r t  v i o l a t e d  ( see  Sect ion 7-B). 

2 )  A reduct ion i n  t h e  s p r i n g  s t i f f n e s s  cons tan t s  
w i l l  of t e n  improve the  payload convergence char-  
a c t e r i s t i c s .  

3. The use r  can a l t e r  h i s  cab ie  geometry s l i g h t l y ,  
a s  t h e  program sometimes encounters  numerical 
cond i t ions  which it can not handle and a s l i g h t  
change w i l l  avoid those  problems. 

The d i scuss ion  of da ta  f i l e  PAYDTA (Sect ion 7-B-2) con ta ins  a li* 

of cab le  geometries which have been implerneated successfu!.ly dur ing pro- 

gram development 



The s t a b i l i t y  derivat ives f o r  the program W A Y  contain the same 

basic matrices a s  a r e  found i n  program HWISLn. Each of the four main 

matrices (A-Pi~trix, B-Hatrix, B'+latrix and C Ilatrix) have 24 rows 

inaread of 12 (12 payload s t a t e s  a r e  added t o  the 12 vehicle s t a t e s ) .  

Each of Lhe auxi l ia ry  matrices contain 28 rows instead of 24. The four 

addit ional  rows contain the cable force derivatives. 

The matrices gecerared are: 

A and A Auxiliary Matrices - Generated 3y perturbirrg 
the  24 (12 vehicle and 12 payload s t a t e s ) .  

B and B Auxiliary Matrices - Generated by perturbing 
the 27 vehicle control  element ef fec tors  (same a s  
program KLAsIM). 

B' and B' Auxiliary Matrices - Generated by perturb- 
ing each of the s i x  linked vehicle controls  (saae a s  
program U I M )  . 
C and C Auxiliary Matrices - Generaced by perturbing 
the 48 (42 vehicle and 6 payload) gust vz loci t ies  and 
veloci ty gradients ) . 

The same t e s t ing  is dcne fo r  nonl inear i t ies  and those found a r e  

l i s t e d  on the output, a s  i n  progrsm ELASIM. Because of the symmetry of 

the  vehlcle and l ike ly  cable configurations, many of the cable deriva- 

t ives  w i l l  be flagged a s  nonlinear when the payload posi t ioz is per- 

turbed (i.e., pertubat tons r igh t  and l e f t  both increase cable tension). 

There a r e  two methods t o  obtaiu s t a b i l i t y  d e r i v a t i ~ a s  of trle payload 

alone 

1) Make the vehicle much larger  (order of LOO), so 
tha t  the r a t i o  of paylcad t o  vehicle mass is 
small. The input variables involved are: 

HULVOL 
MASHUL 
I H U U  
IHULYY 
IHULZZ 
IHULXZ 



The values f o r  MSHUL and WiLVOL rlst be such 
rhs t  the ro to r s  are ab le  t o  support the d i f f e r -  
ence between g(MSHUL) and the buoyancy. 

The r e su l t i ng  matrix rows and coluaas per ta in ing  
t o  the payload only w i l l  be the  decoupled payload 
a t a b i l i t y  der iva t ives .  S i n i l a r l y ,  the  eigen- 
values and eigenvectors per ta in ing  t o  the payload 
are those &or the decoupled payload system only. 

Subroutfoe PLINAR ca l cu la t e s  the  payload only 
s t a b i l i t y  der iva t ives .  This riaaule is i n  the  
program l ib ra ry ,  but it is not ca l l ed  i n  the  
overlay s t r u c t u r e  at Fresent. The subrout ine 
TLINAR, ca l l ed  from the  w i n  program HlAPAY, cal- 
cu l a t e s  the  ccrabined vehicle!payload s t a b i l i t y  
der ivat ives .  I f  the user  wishes t o  have only the 
payload s t a b i l i q  de r iva t ives  calculated, he 
should c t m g e  t h i s  ~311 tc subroutine PLINAR. 
There a r e  nc; o ther  changes necessary t o  the  code, 
and the progran w i l l  run as usual. The t r i m  w i l l  
be ca lcu la ted  fcr the  payload and the vehicle ,  
but s t a b i l i t y  der iva t ives  - w i l l  be ca lcu la ted  f o r  
the payload alone as i f  atcached t o  F.. i n f i n i t e  
mass vehicle.  

The above methoas provi-2~ i z f n m a t i o n  on the payload alone charac- 

Cerls t ic~ ,  ~ i t h n u t  the  complex coupling between the vehicle  and payload 

systems. I f  a nr.7 payload ~ m d e l  is developed, :hear? payload only s t a -  

b i l i t y  der iva t ives  may prove useful i n  debugging and ver i fy ing  the pay- 

load model. This would be much cheaper s ince  the program w i l l  c a l cu l a t e  

only the  elements of the payload oniy de r iva t ive  matrices. The user  

should r e f e r  t o  the Programmer's Manual f o r  de t a i l ed  descr ip t ion  of the 

strructiire of the s t a b i l i t y  de r iva t ive  modules i f  he is contemplating 

making tnese changes. 



This pregrcn simulates  an  unpowered heavy l i f t  a i r s h i p  which is 

t r ans l a t iona l ly  moored t~ a mast. Since the  mooring point is modeled as 

a t r a n a k t i o a a l l y  constrained per fec t  gimbal, t he  a i r s h i p  has only three  

degrees of freedom (angular gimbal motion). No l i n e a r  motion a t  the  

mast a t t a c h  point is allowed. The vehicle  is unpowered and consequently 

has only minimal r o t o r  and propel le r  aerodynamics. The trim is con- 

s iderably d i f f e r e n t ' t h a n  t h a t  f o r  BLASIM, a s  it is based on the  pooring 

point cons t ra in t ,  the  a c t i v e  landing gear forces ,  and the wind forces.  

There is no f l i g h t  cont ro l  system and no cont ro l  coanands. The only 

data  which d i s tu rbs  the trimmed vehicle  a r e  the gus ts  and the  mooring 

s t a t e  displacements. 

B MOOBED VEEICLB m MIA PILES 

Tkis program uses the same basic  data  and consequently w i l l  model 

tho same vehicle  as program HLASIM. Many of the input da ta  f o r  program 

W S I M  a r e  not used ir. ihe  mooring program because of the unpowered con- 

d i t ion .  Even so, the  input f i l e s  have been s t ruc tured  i n  such a tcanner 

tha t  the same f i l e s  t ha t  were used by program U I H  may be used here. 

This program w i l l  ignore those inputs  which a r e  not relevant  t o  it. 

This has been done t o  s implify the user 's  problem of insuring the da t a  

used i n  HLASIM and HLAMOR a r e  the  same. 

1. Data Piles: Q!DTA, dPIDDTA, IFCDTA, 
TMDTA, BISDTA 

These f i l e s  may be used jus t  a s  they a r e  from piogram HLASIM. Note, 

f i l e  PLMDTA is not used a t  a l l  i n  t h i s  program. 



I n  f i l e  TRHDTA, the  only necessary da ta  is contained i n  namelists 

NATMOS and NSTABDV. The da ta  i n  namelist NINSTAT is not used. For t h i s  

reason the f l a g  "SUBROUTINE INATMOS" has been in se r t ed  i n  t h i s  f i l e  j u s t  

proceeding the namelist  ttNAIMOStt. This allows t h i s  program t o  read pas t  

t he  unwanted data. It is highly recorrrmended t h a t  the  user ,  i f  he is 

modeling the  same vehic le  i n  program U P I  and HLAHOR, use the complete 

da ta  f i l e  and not remove the  unnecessary data.  Otherwise, the user  m y  

inadver ten t ly  a l t e r  da t a  i n  the  f i l e ,  and inva l ida t e  the  comparison 

between d i f f e r e n t  runs. 

Simflar ly  i n  f i l e  HISDTA, thc  f l i g h t  con t ro l  system da t a  is not 

necessary t o  the  program. The program reads past  a l l  the  da ta  u n t i l  i t  

encounters the f l a g  "SUBROUTINE INGUST" ind i ca t ing  the  beginning of the 

gzs t  inputs.  

2. Data Pile:  lBPDZa 

This da ta  f i l e  contains  the  var iab les  which a r e  exclusive t o  HLAMOR. 

The va r i ab l e s  a r e  l i s t e d  i n  the  t ab l e s  i n  Appendiz A. They a r e  a l l  i n  

namelist  format. 

The var iab le  PSIO serves  two functions: 

I )  The vehic le  i n e r t i a l  Euler yaw angle  is set t o  
PSIO i f  t he re  is no wind. 

2) The vehic le  Euler yaw angle r e l a t i v e  t o  the wind 
f o r  the t r i m  i n i t i a l  guess is set t o  PSIO when 
there  is any x-y plane wind veloci ty .  

The moored vehicle  t r i m  may have three  converged yaw posi t ions:  nose 

i n t o  the wind o r  yawed pos i t i ve  o r  negative r e l a t i v e  t o  the  wind. The 

trimmer can be made t o  converge t o  any of the t h r ee  pos i t ions  by using 

PSIO t o  s e t  t he  i n i t i a l  t r i m  guess c lo se  t o  t he  t r i m  yaw pos i t i on  

wanted. PSIO is the wind r e l a t i v e  vehic le  t r i m  i n i t i a l  guess Euler yaw 

angle  i f  the x-y plane wind is nonzero. PSIO = 0.0 caue-s nose i n t o  t he  

wind trim i n i t i a l  guess. The o ther  two pos i t ions  w i l l  depend on the 

user  vehic le  c h a r a c t e r i s t i c s .  



The t r i m  so lu t ion  f o r  a no-wind condi t ion is achieved by c r ea t ing  an 

a r t i f i c i a l  yawing moment. It is scaled t o  the  d i f fe rence  between the  

des i red  yaw angle (PSIO) and the a c t u a l  Euler yaw angle,  and w i l l  only 

e x i s t  during trim (HFORCE, CLMTU). This places  the  following restric- 

t i o n  on the possible  landing gear geometry. 

I f  there  is only one landing gear, o r  i f  a l l  a c t i v e  landing gears  

a r e  coplanar and al igned p a r a l l e l  t o  the mast, then the composite vehi- 

cle cente r  of g r av i ty  must l i e  i n  the (landing gear)  plane. Otherwise 

the  a r t i f i c i a l  moment generator  w i l l  cause t he  tri-r t o  converge on a 

non-existent solut ion.  This geometry r e s t r i c t i o n  w i l l  only apply i n  t h e  

no-wind condition. 

The three  vhriables  DELTAL, DELTEL, and DELTRD are the t a i l  def lec-  

t i o n  angles  f o r  the  a i l e rons ,  the  e leva tor ,  and the  rudder. These 

values a r e  f ixed pos i t ions  which arc held throughout the  t i m e  h i s tory .  

The var iab le  DHLEUL is a per turba t ion  vector  away from the  t r i m  

value of the Euler angles  ( s imi l a r  t o  the var iab les  i n  namelist NIuDLST 

of da ta  f i l e  PAYDTA). Its purpose is t o  allow the user  t o  move t h e  

vehicle  away from the t r i m  condi t ion a t  the  beginning of the time his- 

tory and study the  subsequent motion of the vehicle .  Aside from input- 

ing a gust,  t h i s  is the  only means of causing the  vehicle  t o  move away 

from the t r i m  (during the time his tory) .  

3. Rata File: OI1IZST 

Program HLAMOR, l i k e  HLASIM, uses OUTLST t o  specify the output var i -  

ab les  t o  be printed. If the  user  requests var iab les  which have not been 

ca lcu la ted ,  the program w i l l  p r i n t  e i t h e r  zero or  an undefined ("I"). 

Because HLAMOR is unpowered and does not use the sophist.f=ated aero- 

dynamic models f o r  the ro to r s  and prope l le rs ,  mar- of the va r i ab l e s  

which can be requested a r e  not being calculated.  

4. Data Pile#: RG1, RGZ, RG3, RG4 

These four  gust  s t r i n g  input  f i l e s  a r e  used jus t  a s  i n  program 

PT.AS I M .  



The HLAHOR output l i s t i n g  is the  same as the HLASIH l i s t i n g ,  e rcep t  

the input var iab les  not used i n  U O R  do not appear. Output va r i ab l e s  

which a r e  not ca lcu la ted  i n  t h i s  program should not be reqllested through 

f i l e  OUTLST. I f  they a r e  requested they w i l l  appear as zero o r  unde- 

f ined  valueb. 

The p l o t t i n g  f i l e  (PLOT) is  the same a s  the  HLASLH p l o t t i n g  f i l e .  

The trim ca l cu l a t i on  f o r  U Y O R  is a t h r ee  degree-of -f reedom prob- 

lem. The vehic le  l i n e a r  pos i t i on  is determined by the  user  input  mast 

l oca t ion  and mooring point. Consequently, the vehicle  can only move i n  

the  th ree  angular d i r ec t i ans .  The trim is much e a s i e r  and usua l ly  

requi res  fewer i t e r a t i o n s  than program W I M  or HLAPAY. There a r e  a 

few r e s t r i c t i o n s  however. 

1) The geometry of the mooring point ,  nust loca t ion ,  
and landing gears  must be such tha t  a l l  a c t i v e  
landing gears  w i l l  be touching the  ground. The 
landing gear  kames, veh ic le  t a i l  o r  bel ly ,  must 
not be touching the  ground. Deactivating a l l  
landing gears  w i l l  cause a buoyant (a i rborne)  
t r i m  t o  be calculated.  I n  t h i s  case the  buoyancy 
and wind must be enough t o  hold the vehic le  be l ly  
off the ground. 

2)  The only physical  means f o r  e s t ab l i sh ing  a yaw 
angle  is the  fo rce  of t he  wind a c t i n g  on the 
vehicle.  Consequently, the  user  must input  a 
value (PSIO) i nd i ca t i ng  the  yaw angle  i n  the 
event t ha t  the wind vector  is equal t o  zero. 

3) If only one landing gear is a c t i v e  i t  must be i n  
the  same l a t e r a l  pos i t ion  a s  the composite cen te r  
of g r av i ty  of the e n t i r e  vehic le  ( h u l l  and 
LPU's) . 

E. ELMOR STABILITY DERIVATIVES 

S t a b i l i t y  d e r i , a t i v e s  f o r  the moored vehicle  a r e  reduced t o  the 

A-Matrix and the C-Matrix and t h e i r  corresponding aux i l i a ry  matrices.  



A-Matrix -- This 6 by 6 matrix is generated by 
perturbing the 3 Euler a n g l ~ e  and the 3 Euler 
angle r a t e s  of the vehicle.  

C-Matrix - This 42 by 6 matrix is generated by 
perturbing a l l  of the gusts  ac t ing  a t  the  various 
component pos i t ions  (hu l l ,  t a i l ,  LPU1-4); ident i -  
c a l  t o  HLASIM. 

The aux i l i a ry  matrices each contain 28 rows, cons is t ing  of the 24 

cons t ra in t  forces  and moments between the LPUs and the vehicle,  and the  

four  compression forces  ac t ing  through the landing gears. 
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F'LOITILK; PUB R I s T - m R  PIM;Pdll PPLOR 

Program PPLOTF (process t he  p l o t t l n g  tile) w i l l  reformat the  p l a t -  

t i n g  f i l e  (PLOT) produced by any of the s imulct icn programs (HLASJ.M, 

W O R ,  o r  W A Y ) .  The input  f o r  program PPMTF is the  binary format 

f i l e  PLOT. The output is a binary f i l e  (TKPLOT) of the  tiae h i s t o r y  

da t a  i n  a format compatible with t he  NASA/Anerr f l i g h t  da t a  p l o t t i n g  

software. The Heavy-Lift Airship Simulation data  w i l l  be p lo t t ed  with 

the  NASAIAmes f l i g h t  da ta  p l o t t i n g  so£ tware. 

PPLOTF program writes t o  the s tandard output f i l r - ,  OUTPUT, a t i t l e  

which includes the  s imula t ion  name (HLASZM, HLASYCR o r  HLAPAY), t he  da t e  

of the s imulat ion and t h e  s imulat ion times (Trim and Time h is tory) .  

This informs the user  which s imulat ion run plottixlg f i l e  is being pro- 

cessed. I f  t h i s  program f i n d s  something wrong with the  input  f i l e  

(PLOT) it w i l l  p r i n t  a message and stop. 

F i l e  PLOT contains  a l l  the  tria data ,  var iab le  names and time his-  

t o ry  data. Program PPLOTF ignores  the t r i m  data.  The va r i ab l e  names 

contained i n  f i l e  PLOT a r e  exac t ly  a s  they appear on the s imulat ion pro- 

grams' output l i s t i n g .  They a r e  changed s l i g h t l y  when wr i t t en  t o  f i l e  

THPLOT 

1) Each LPU and cable  var iab le  name bas four  values 
(LPUl-4 and Cable 1-4). This program wrices each 
name fvdr  times i n s e r t i n g  numbers 1 t o  4 i n  the 
blank s i x t h  posi t ion.  

For example RFIV :X becomes 

RFIV l :X,  RFIV 2:X, RFIV 3:X, and RFIV 4:X. 

2) A l l  leading and embedded blanks a r e  then removed. 

RFIV becomes f i n a l l y :  

RFIVl:X, RFIVE:X, RFIV3:X, and RFIV4:X 



3) The independent var iab le ,  Time, is given the name 
"ETIME" and <ts  value is wr i t t en  with the other  
var iab les  i n  each data  frame. 

These a l t e r a t i o n s  a r e  not seen by the user  u n t i l  pa r t i cu l a r  var ia-  

b les  a r e  plot ted with the NASAIAmes f l i g h t  da ta  p lo t t i ng  software. 

This program is executed by loading the program with the data  f i l e  

PLOT. The f i l e  TIEPLOT should be saved a f t e r  execution is complete. 

Sezti.;n 3-B contains a de t a i l ed  descr ip t ion  of the f i l e  PLOT. The 

f i j z  THPLOT is out l ined i n  the diagram b low.  

Record 1 Time s tep ,  humber of var iab les ,  Date ( Ju l i an )  
and Variable names 

Record 2 Data time frame 1 

Record 3 ' Data time frame 2 . . . . . 
(Continued u n t i l  end of ~:n,e h i s to ry )  

Note: The number of var iab les  includes the t i m e ,  and the  
var iab le  names include "ETIME" i n  the appropriate  
place. The t i m e  i s  wr i t t en  a s  a data  value i n  each 
t i m e  frame. 



ORIGINAL PAGE f8 

SBcrIOB 10 
OF POOR QUALIP( 

Progrem GSRCSB is provided t o  a i d  gust  model analyses.  It generates  

a gust  source i n t e rpo la t i on  matr ix  (GSI) which shows the  r e l a t i onsh ip  

between the gust  v e l o c i t i e s  a t  the  four  gust  sources and the gust  velo- 

cities and grad ien ts  a t  t he  vehic le  components. Using the vehic le  and 

gus t  source geometry and che t r i m  s t a t e s ,  the  program perturbs  each gus t  

source ve loc i ty  and loads the  r e s u l t i n g  vehic le  component gus t  veloci- 

t i e s  and gradient  de r iva t ives  i n t o  columns of t he  GSI matrix. The f o l -  

lowing equation def ines  the GSI matrix. 

Matrix : I 
where DUGBAR is the same vector  of gust  v e l o c i t i e s ,  acce le ra t ions ,  and 

grad ien ts  found i n  the main program C-matrix s t a b i l i t y  de r iva t ive  calcu- 

l a t i ons .  

This matrix w i l l  change only when the vehicle  geometry, gust source 

geometry or h u l l  Euler t r i u  angles  a r e  changed. Consequently, program 

GSRCSB !should be executed only i f  some of those var iab les  have been 

a l t e r ed .  

The Frogram uses the main s imulat ion input rou t ines  and can read 

the main program da ta  f i l e s .  The f i l e s  required a re :  GMDTA, ARODTA, 

TRMDTA, HISDTA a:ld ERMSSG. The output is wr i t t en  t o  f i l e  OUTPUT. 



Program GSRCSB does not calculate the hull or tail pla t  acceleration 

rows (U DOT, V DOT, .*-, R DOT) of GSI. For e~smple, t h ~  raw cortes- 

ponding to the hull gust acceleration (Gh) tern is: 

Tnis nomenclature symbolizes the following mathematical expression for 

Gh (GSI1 denotes row 1, column 1 of the GSI matrix): 

and similarly for the remaining hull and tail gust accelerations. 

The main prog .m stability derivative C-matrix is generated accord- 

ing to the following equation (see stability derivative output Sec. 5). 

The GSI matrix is used with the main program linearization Clnatrix 

in the following manner. Equations 10-1 and 1P-3 are conceptually coii- 

bined to form Eq. 10-4, which shows the effect of gust source velocities 

on the vehicle. 



The method to manipulate the d/dt t erm of the guet acceleration 

rows (GSI matrix) i n  the calculation of Eq. 10-4 w i l l  depend on the 

s-?:dare u t i l i t i e s  available to  the user. 



The program has been i n s t a l l e d  on the  NASAIAmes CDC 76001-COPE eyo- 

tern ia the  following manner: 

1)  Simulation program source coda ie s t o r  ad on d isk  
using the UPDATE f a c i l i t y .  

2 )  A l l  data  f i l e s  a r e  s tored  a s  separa te  d i s k  f i l e s  
Wlih the  names given i n  Sect ion 2. 

3) The three  main program rout ines  ( U O R ,  HLASIM, 
and HLAPAY) a r e  s to red  a s  separa te  d i s c  f i l e s  a s  
we]-i a s  i n  the UPDATE f a c i l i t y  (see Item 1). 

4) The segmented load d i r e c t i v e  f i l e s  a r e  s tored  aa 
separa te  d i s c  f i l e o  (SLDIR, f o r  W I M ;  SLDIRH, 
f o r  HLAMOR, and SLDIRP, f o r  HLAPAY). 

5) The binary object  code f o r  a l l  program eubrou- 
t i n e s  (exc!.uding w i n  program rout ines)  is main- 
ta ined i n  a Library on a a d i sk  f i l e  ca l l ed  
MAINLB. It can be accessed and ed i ted  with t he  
LIBRARY f a c i l i t y .  

6) The post processing programs (PPLOTF and GSRCSB) 
? r e  i n  separa te  d i s c  f i l e s .  The f i l e s  a r e  named 
YPLOTF and GSRCSB, respect ively.  

Figure 17 (page 79) is a sample job con;trol sequence f o r  execut ing 

the  main simulation .rogram. A l i n e  by l i n e  discussion of t h i s  sequence 

f ollows : 

1-2 Job cont ro l  and accounting information. 

3 The IMSL l i b r a r y  i e  attached. 

4-5 The d i s c  containing the  program f i l e s  is iden t i f i ed  and m u t e d .  

6 The p lo t t i ng  f i l e  w i l l  be wr i t t en  here ( i f  it 1s generated).  



7-23 Data f i l e s  are attached. J1 data f i l e s  being at tached a r e  from 
the basic  s e t  (see Section 2). If a spec'al g e o ~ e t r y  was t o  be 
inple~lented a copy ~f O T A  w?r~lc! be mad.- containing the  des i red  
change. This f i l e ,  named Ck!:9TA, would he at tached by: 
ATTACH(~A,QI lDTA,ID. .userLD) .  

Similar changes could be introduced i n  the  o ther  da ta  f i l e s .  To 
a s e  the  "bookkeeping" problems, it is reco-nded "hat t he  
notat ion ju s t  introduced be continued (naae other  da ta  f i l e s  
AROlDTA, etc.). I n  t h i s  case the  output f i l -  could be ca l l ed  
RUN1. 

25 The filename i n  t h i s  l i n e  should be HLASL., HLAHO9, o r  W A Y .  

20 The main program rout!.le a t tached i n  l ine 25 is c o ~ p i l e d .  

27 LHAP is a f i l e  f o r  the load map. It w i l l  be saved only i f  the 
program aborts.  

28 MAINLB and I E L ,  Librar ies  f o r  us? by the Lwider, arc. a x l a r e d .  

2 9 F i l e s  x r l t a in ing  the segmented load d i r ec t ives  attached. 
The f i l e  a::t.ached m.s: corrsspond with the  grc;g: a b2 r r i ~  
(SLDLR, for tiIASTM; SLL:TEM, t o r  -02; 2lld SLDLW t'ot HLAPAk j . 

30-34 J'uad and execwe sequence. 

35 Normal termination d job. 

36-37 In  the event of abrlorrpa.l job terminatiol: d u . ~  6.: load map onto 
output f i l e .  

29-45 Respni 9es t o  i n t e r a c t i v e  questionc (see Sen. 2-11. 

Between l i n e s  34 and 35 

I f  plc zing f i l e s  a r e  being generated the following l i n e  should 
bz inser ted a t  t h i s  point. 

This saves the p lo t t i ng  f i l e  a s  PLOT1 (continuing the nota t ion  
from above). 

Alternat ively,  the 2omplete command s t r i n g  could be in se r t ed  
Szre t o  -itecur.e YPLOTF (see below). 

The ?la:t*ng f i l e  post processor, PPLOTF, can be erecuted with the 

job cont ro l  scqJence shown i n  f i g .  18. The filename in  l i n e  6 is t h e  

p l a t c i n ~ :  f i l e  wr i t teu  5jj the main s i m u l a t i ~ n  p r o g r u  Following the  

c--.dmpie given a b o ~ e ,  the f ilendme wot1:l.d be PLOT;. THPLOT is the o.rtput 



f i l e  and is catsloged i n  l i n e  10. Following our notation, the filename 

would be THPLOT1. l 'kis f i l e  is read i n t o  NASA/Ames f l i g h t  data  p l o t t i n g  

software. 

The gust source s t a b i l i t y  der iva t ives  prograp can be executed using 

the cont ro l  sequence given i n  Pig. L8 wlth a few changes. 

1. Make filename i n  l i n e  25 t o  be GSRCSB. 

2. Delete l i n e  31. 

!%ny of the other  l i n e s  are unnecessary. I f  the user wishes t o  d e l e t e  

those l i nes ,  S e c t i ~ n  10 of t h i s  manual should be consulted. 

The segmented load d i r ec t ives  f o r  each of the  three programs a r e  

l i s t e d  i n  Figs. IS, 20, and 21. They a r e  l t s t e d  here without explana- 

t ion;  they a r e  discussed i n  the Programmer's Manual. 

A s  noted e a r i i e r ,  the appropriate  segmented load d i r ec t ive  f i l e  must 

be loaded with each of the three  prograls.  



AIRS€IIt',T3~,PN,'=Ol,YLl 
ACCOUNT,userID,T1438L2 
ATTACH (IMSL. INSLLIB, ID-MESLIB) 
SETNAME (-QR) 
MOUNT (VSNd)@4 19A) 
REQUEST (PLOT, *PP) 
ATTACR(PYOUTL,PYOUX,U).luserID) 
ATTACH(PAYDTA,PAYDTA,ID=userID) 
ATTACH(GMDTA,(;MDTA,ID=userID) 
ATThCH(AEIODTA,mODTA,ID-userUi) 
ATTACH (HISDTA, HISDTA, ID=userID) 
ATTACH(PLMDTA,PLHDTA,ID=userID) 
ATTACH(TRHDTA,mTA,ID-userU)) 
ATTACH ( IPCDTA, IFCDTA, ID-user ID) 
ATTACH (MIBDTA,MORDTA, IDruserll)) 
ATTACH(ENSSG,EmSG,'L;)=userD) 
ATTACH(DUTLST,OIJTLST,IDI~~~D) 
ATTACH (RG 1, RG 1, ID-user ID) 
ATTACH (RG2, RCZ , ID=user ID ) 
ATTACH(RG3,RG3,ID-userID) 
ATTACEi(RG4,RG4,IDluserll)) 
ATTLCH (RG5 ,RG5, TD-userIC) 
ATTACH(RG6,RG6, IDluserID) 
ATTACEI(HAINLB,MAINLB,ID=userZD) 
ATTACH (PG, filename , ID-user ID ) 
FTN ~I=PG,LIQ~,PL=~Q~~Q) 
REQUEST ( L W ,  *PF) 
LIBRARY [MAINLB , IMSL, *) 
ATTACH (LOADIR, filename , ID-user ID ) 
M A P  (ON) 
SEGLOAD (I=LOADIR ) 
LDSET ,MAP=X/LlIAP, PRESET=INDEF. 
LOAD (LGO ) 
EXECUTE 
EXIT 
REWIND (LMAP) 
COPY ( L W  , OUTPUT ) 
XXEOR 
T 
Q 1 
,R 

T 
T 
SIX LINES GP COMMENTS 
TO A.PPEAR AS R'crN 9ESCRIPTION 
ON OUTPUT LISTINC 
; ; . . , s 
i ; 

Figure 17. Job Control Sequence to Ioad and Execute Program 

TR-1151-2--TIT. 8 0 



OFiiSlNAL PAGE IS 
OF PGOR QI!ALITY 

AIRSHIP ,T5@, PN,YDl ,m 

ACCOUNT,FVSHMDT1498L2 

SETNAHE~WQR) 

MOUNT(VSN-D0419A) 

ATTACH(PPLOTF,PPLOTP,ID=FVS~) 

ATTACH(PLOT, filename , ID=FVSS!! 

RzQUEST(THPLOT,*PF) 

FTN(I=PPLOTF,L=O) 

LGO 

CATA.LOG(THPLOT,filename,ID=FVSriM) 

EXIT 

Figure 18. Job Control Sequence to Execute 
Program PPLOTF 
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